
UJI.—Kolc on the foregoing Jjist of Cyclones, and on (ho Gujarat land-cyclone of July 
i Utl-lOlh, 1SS1, by Hehex B. Biakeoiid, B.U.S., Meteorological Reporter to the 

Govern men l of India. 

The loregoing list of storms, tlmt have Leon felt on tlie west coast of India, appears, 
in some respects, to bo more comprehensive than that to which Mr. Chambers refers at 
his model, c/r., my own list of cyclonic storms in the Bay of Bengal, published in 
Volume XLVI of tbo Journal of tho Asiatic Society of Bengal, (for 1R77) ; and ns tho 
two lists are likely to be compared, with a view to elucidating points of resemblance 
or ditl'orenco between tho two regions respectively dealt with, it seems desirable that I 
should point out wherein they differ in character. I wish, also, to add some details 
respecting tho last storm in Mr. Chambers' list, which, in certain respects, is uniquo in 
my experience of cyclonic storms, and which is of great importance to the study of 
the genesis of cyclones, having been formed over a land area surrounded by obser- 
vatories. The list contains, however, others which, ns I shall presently point out, were 
very probably of the snmo character. 

The object with which my own list of recorded cyclones in the Bay of Bengal was 
drawn up, was stated to be that of <’ ascertaining with greater accuracy than bad pre- 
viously been practicable, what is the distribution of cyclones at tho different seasons 
of tho year ; and also what parts of tho Bay arc most liable to storms in each season of 
the year." The list, therefore, included only cyclonic storms which had raged in tho 
Ray of* Bengal j or, if recorded only at coast stations, were of such character, os to admit 
of imio reasonable doubt that they lind been generated ovor tbo Bay: and such land- 
fomu d stormb as the nor-wostcra of the spring and summer months, notwithstanding 
til’d tb" wind pressure in such storms frequently attains to cyclonic strength, (pressures 
;( VI lb’,, to the square font having been recorded in these' storms, more than onco at 
OnleulUj, were rigorously excluded. 

Mi Chambers’ object and rule of selection have been somewhat different. In ad^ 

; taw t-> storms that have been experienced in the Arabian Sea, lio desired to obtain 
von! c those which bavo been foil on tbo west coast of India, and wluoh appear ‘ 
r>vej),i'ii cyc'oaicin character, without regard to l'. n place of fline 1 -‘i"- I 
■.Ini?' included some, respecting which, (hero can bo Iiltlc o htinual C p 0C h s 0 f maximum 
le, min ovor tlie land. Tbo most recent and conspicuous ox an absolute freedom from 
is that of which I shall presently give a more got«i]e s d ^oncy in July and August 
1861, But there are others probably of this chnraclcr amcr monsoon is tbo cpocli 
distinguish these, because, in some eases, they occur at a lhc Bom p ay coast) j t j s flu 
[reason to helievo that cyclones are practically unknown , t storm j, ro auclion. At boll 
.obvious that, in working tbo storm-wnrning system, tbo qij) omte y than on llio Benga 
pud I be patii followed by storms arc poiuts of primary i 
storms, the only record of which is flint afforded by the 
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Now, of the storms, w hicli, judged by tlio test of wind direction, should, I consider, 
certainly ho exoluded from the list of those gonoralcd over tlio Arabian Boa, one occurred 
in January, three in February, one in Atnrch and. two in July. Five of those occurred at 
the season, when cyclonic storms are least frequent (in February unknown) in tlw Bay o£ 
Bengal, and when wo may reasonably expect them to he equally rare in tlio Arabian Sea. 
All hut the first (that of February 1701), are unquestionably instances of storms formed 
in the low-lying plain that extends between tlio Aravnli Chain and tho mountains form- 
ing the western frontier, tho plain of IVcsletn Itajpulann, Northern Gujarat and Sind. 
The other tw o arc the two J uly storms of the list, and were, in the one caso certainly, in 
tho other probably, formed in tho samo region. 

Of tho six storms in the doubtful list, ono is a January storm, respecting which, no 
other information is given, than that the force of tho wind attained io a pressure of 
12'2 lbs. ; a pressure far surpassed bj many an ordinary nor-u osier squall. But ns it may bo 
inferred from Hr. Chambers' introductory remarks, that the strong wind w ns not merely 
temporary, but lastod for some 21 hours, it seems probable that this storm was of the 
same class as the January and February storms of the first list of exclusious. The others 
occurred, one in May, three in June, and one in August. Four of these may have been the 
result of local eddies, accompanying the first, burst ot the monsoon, such as frequently 
occur both at this period, and also during tlio monsoon months, on the coast of Orissa and 
the Sundcrlmns, And the August storm, No. 49, recorded at Dccsa, was probably of tho 
same type ns the two July storms of the former list. 

excluding these storms, Jtr. Chambers’ list, classified according to the months, will 
he as follows:— 



Tiie two lists accord then, in tho fact that there arc two annual epochs of maximum 
frequency, ci;., May and Juno, nnd October and November, an ahsolulo freedom from 
cyclones in February, nnd a secondary period of minimum frequency in July and August. 
But whereas, in the Bay of Bengal, the olo'O ot the summer monsoon is the epoch 
of tho absolute and a very preponderant maximum, on the Bombay coast, it is tlio 
beginning of tho monsoon which enjoys the supremacy of storm production. At both 
epochs, too, the maximum fulls a month later on the Bombay than on the Bengal 
side. 
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and which occasionally, though rarely, may possibly have a certain connection, at least 
as precursors, with the land-formed storms of Sajarat. These are the oydones of the 
summer monsoon, to which Mr. Eliot has drawn attention in the first memoir of this 
volume, and which, in some years, arc formed, in frequent succession, in the north-west' 
comer of the Bay of Bengal. The harometrio depression in these storms is very small, 
senreoly over exceeding 0'2" or 0-3*'; the central depression is generally many miles, 
sometimes more than ono hundred miles' across, and the winds around are, as 0 rule, 
moderate ; hut they are often accompanied with heayy rain, and are very persistent. 
Their most ordinary course is about WN W. or W by N. It was one of those storms, 
in September 1880, that led up to the deluge of rainfall in ftohilkhand and the Almora 
hills , that produced the catastrophe of the Naim Tal landslip ; and another was th° pre- 
cursor, with an interval o'f some days.'Of the Gujarat storm of July 1881. This I shall 
presently notice at more length, and will now return to the consideration of those of the 
Bombay coast. 

Of storms probably formed over the Arabian Sea, in the neighbourhood pf the 
lakhadives, or between those islands and the Indian ooast, and which, travelling to the 
east of north, are felt severely on the coast of Bombay or Kathiawar, we have no fiirthor 
information than a fow meagre references in Piddington and other writers. They are 
probably of rare occurrence, and constitute hut an insignificant proportion of the storms 
of tho Arabian Sea, if we may judge from the analogy of the Aroian coast and the 
storms of tho Bay of Bengal. 

Tho land-formed storms of Weston Bajputana and Gujarat fall naturally ini® two 
olasses ; those of the cold season, and thoso of tho summer monsoon. To tho former 
belong tho five storms Nos. 42 (probably 61), 65,. 87 & 68 of Mr. Chambers’ list ; to the 
latter, in all probability, Nos. 49, 62, and with absolute certainty, as a typical example. 
No. 70. It is very likely that Nos. 44 and 64, and possibly No. 18, should also he ipolnd- 
ed in this latter category, hut the data are insufficient to determine the point in a satis- 
factory manner, and I have therefore not enumerated them in my list of exclusions from 
the marine storms. 

Tho storms of the first doss are phenomena of the winter rains of Northern India. 
Tho eases of cold-weather rainfall that have been discussed in the Deports on the Jleteo- 
rology of India in 1878, 1879 and 1880, afford several instances of local barometric 
depressions, being formed in the plain region to the west of tho Aravalis ; mort fre- 
quently perhaps in Sind and the adjoining portion of the Bickaneer desert. Such were 
tho harometrio minima formed between the 22nd and 23rd January 1878, on tho 24 th 
December 1879, and February 8th, 1880. Indeed, tho general result of these discussions 
lias been to show that, the cold-weather rainfall usually begins on the northern margin of 
u barometric depression, which first appears in this region; tho rain beginning in the 
Punjab, and afterwards extending to tho North-Western Provinces, and sometimes to 
Bengal, as tho depression moves eastwards. Indeed, on considering the fact, that the 
plateaux of Central India and the Central Provinces are normally a region of high pres- 
sure during tho winter months, the tendency to high pressure here, in the heart of India, 
being more persistent than oven in tho Punjab and Sind, (where thB pressures, though 
occasionally much higher, are interrupted by greater oscillations) ; it is easy to se® that, 
in accordance with the law of wind circulation around harometrio maxima, therU must 
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IAND CYCIONE IK GTOABAT. 


The following falls, regisi-ei'ed in these provinces on the 8th, 9th and ldth July, -will 
afford some idea o£ the nnusnal copiousness and extent of this rainfall 
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On the forenoon of the 10th, over nearly the whole of extra-tropical India, the baro- 
meter, reduced to its sca-level value, indicated a pressure of less than 29-6". The isobar of 
29'6' ran from Rawalpindi, almost in a straight line to the Ganges, a little west of Patna, 
thence to the north of Berhampore, and curving to the south through the middle of the 
Gamustio delta, and enclosing the western haft ot the delta and the north-west corner ol 
the Bay, intersected the coast line near Gopaipur, and returned westwards, between Seoni 
and Na**porc, to Hoshangabad j whence it followed the course of the Nerbudda, to the 
Gulf of Cambay. 'Within this area, the differences of pressure were small ; but, along 
its axis, were ranged three, or perhaps, two local depressions, in which the pressure 
was below 29'55", and wbioh wore therefore the regions of minimum pressure in India. 
The -westernmost and largest of these included nearly the whole of Rajputana, Upper 
Sind, Outch and Northern Gujarat ; the lowest pressures within which, were Ajinere 
29*526", Bickaneer 29 624 and Jaoohahad 20-584 1 ' (reduced to sea level values). The 
next comprised a small area around Saugor, at winch the reported rending (reduced 
to sca-level) was 29*612''. This, however, is not quite certain, a? the readings of the 
Sau<mr barometer are not very trustworthy. Moreover, the depression, the existence 
of which is further indicated by the barometer readings to Nowgong and JhanBi, may 
possibly have been not independent, but an extension of that of Western Rajputana. 
“The third centered at Sa u gor Island in the S underbuns, where the barometric reading 
was 29 604, the lowest recorded in that day ; and the depression included Caloutta and 
apparently extended some distance to the north-west in the direction of Hazaribagli. 

Within and around the great western depression, the concentration of which subse- 
quently gave birth to the Gujarat cyclone, the winds, at 10 a.m. of the 10th, wore 
NNW, at Pachbudra, HI®, at Bickaneer, N . at Ajmere, calm at Sirsa, E. at Agra, 
Allahabad and Benares, calm at Jhansi and Nowgong, NE. at Sutna, W. at Jubbul- 
pore, and SW. at Saugor, NW. at Pachmarhi and Seoni, SW. at Indore, Neemuch and 
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Tho barometric changes, in tlie previous 21 hours, consisted in a rise of pressure in the 
Indus valley, greatest at Mooltan ; and a slighter rise throughout the Punjab and in 
Northern Rajputana. In KathMwar and Cutoh, the change was insignificant. But at 
Pachbudra, Deesa, Surat, JIalcgaon, and to the eastward, in Berar and Nimar, there 
was a considerable fall; the result being the production of a local minimum between 
Pachbudra and Deesa. It was however a very slight depression, as far as is shewn by 
the registers; and although the winds of Pachbudra, Ajmere, Neemuch and Deesa were 
distinctly cyclonic around it, they were very light in the neighbourhood of the minimum. 
Only to the south and west, at Surat, Rajkot, Bhuj and Kurrachee, the monsoon current 
from the Arabian Sea blew strongly ; and only at Bhuj, did even this current exceed the 
average velocity of the month. . 

On this day and hour then, the vortex was in process of formation, hut, as yet, there 
was scarcely sueh a disturbance as to give rise to a wind of stormy violence. 

A question, of much interest, which presents itself in connection with the generation 
of this storm, is whether the barometric changes which apparently caused the concentra- 
tion, in the neighbourhood of Deesa, of the previous extensive and nearly equable depres- 
sion, cis., the rise in the Indus valley and on the north, and the fall in the area of Deesa, 
Surat, JIalcgaon, &c., can ho traced back to any pre-existent conditions shewn by the 
registers. 

As regards the former of these phenomena, vie., the rise of pressure under the west- 
ern hills, I have already observed that, on one or two occasions previously, a fall of rain 
in the Punjab had been followed by a rise of pressnre in tho Derajat and at Jlooltan ; and 
that tho rise on tlie 10th (of which tho further rise on the 11th was merely the prolonga- 
tion,) was another instanco of tho same kind ; and followed on tho unusunlly heavy rain 
in tho Punjab, (and other Provinces) of that and the two previous days. What may he 
the precise causal sequence of tho phenomena, tho physical connection of rainfall in the 
Punjab with a subsequent rapid rise of pressure in the Indus vailoy, is a question, which, 
at present, wo are hardly in a position to answer satisfactorily ; lint that there is sueh a 
connection is, to my mind, amply established on an empirical basis, by the frequency 
of tho sequence at all seasons of the year, and most strikingly, perhaps, in the case of the 
cold-weather rainfall,* 

We may, then, regard the rise of pressure in the Indus valley and tho Punjab, as a 
probable consequence of tho unusually heavy rain of the 8th, 9th and 10th, and the 
northerly winds of the Indus valley and Northern Rajputana as the result of the dif- 
ference of pressure, thus established, between the Punjab and the depression already 
existing in Western Rajputana and Northern Gujarat. 

On the 11th, scarcely any rain fell in tho Punjab and Sind, but it was still general 
in Rajputana, Central India, the Central Provinces, Catch and Gujarat, as well as in the 
Konknn and Kliandesb, and was especially heavy at coif ain stations in Kathiawar, Snrat, 
Broach, and the eastern districts of Gujarat. It had indeed fallen continuously, in this 
region, for several days'; and as, at some stations, it had also been very heavy on the 

* Sm, for waropls, the Deport tins Meteorology of Mia in 1876, pp 129* 130 , Report for 1679, pp, 13G and 164, nnd 
Deport for 18B0, pp. 113, 144 amt 171, In the Deport for 1880, pp. 170, 171, tho probable phyaical connection of the pheno. 
mciw in question is briefly discussed, 
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The area within which the barometer fell, was limited to a circumscribed portion 
of Northern and Western India, and is marked by a dotted line on the chart, Plate Xt. 
Within tliis, there were apparently two independent areas of maximum fall, the one 
chiefly in the Gangetic plain, defined by Durbhanga, Patna, Gorakhpur, Allahabad, 
Lucknow, Bareilly, and Meerut, and, to the south of the river, Nowgong; the other, 
partly in the peninsula and partly in Western India, and including Hyderabad (Sind), 
Lcesa, Paolibudra, Surat, Malcgaon, Kliandwa, Buldana, Sholapur, and Secunderabad, 
and centering at Malegaon. At Deesa, Smut, Malcgaon, Bnldana and Sholapur, the fall 
exceeded '01". The fall in the 2-1 horn's, from 10 a.h. of the 10th to 10 A.M. of the 11th, 


was as follows 

Northern area of maximum fall. 

Fall 

Fall 

Durbbauga . 

. 4 — *085 ins. 

Nowgong . , 

. . —‘080 ins 

Patna 

.* — *030 „ 

Lucknow , 

. . — 082 „ 

Gorakhpur . 

. —‘035 „ 

Bareilly 

. . -027 „ 

Allolinb-id . . 

• • -011 „ 

Meerut 

. . -08* „ 

> 

South-Western area of maximum fall. 

Fall. 

Fall. 

Hyderabad 

, . —*084 ins. 

Khandwa . 

. . —083 ms. 

Pachbudm . 

. . —029 „ 

Buldana . 

. . —'044! „ 

Dec'a 

. . -013 „ 

Poona 

. —026 Jt 

Surat 

. . — 044 „ 

‘ Sholapur . 

• . —*044 } t 

Malcgaon . 

. —059 „ 

Secunderabad 

• . —"030 i, 


All around this area, except (as far as is kaowa) in the Himalayan region, to the north 
of the Gangetic plain, the barometer rose The greatest rise was in the Indus Yalley and 
in the south-west of Bengal, where the changes were as follow 


Indus valley. 

Bujouetiuc Rise. 
Dem-IsmaiUKlmu 

+ 040 ins. 

Zower Bengal. 
Bahometbic Rise « 
Cuttack .... 

+ ‘087 ms. 

Moolfon . 


+ ■055 „ 

Saugor Island 

+ 072 „ 

Jacobabad . 


+■048 „ 

Calcutta .... 

+‘052 „ 

Kurrjicbee . 


+ 032 „ 

Burdwan .... 

+ *023 „ 


That t]i?sc changes of pressure, though small, had a certain significance as a part of 
tho phenomena that determined the formation of tho vortex, there can he'little or no 
doubt; hut it is not easy to correlate them, except partially and imperfectly, with the 
other circumstances of tho local meteorology ; and it is highly improbable that either 
the fall of pressure over tho circumscribed area above defined, or the rise of pressure 
around its borders, is dircotly referable to any single elementary change of condition in 
tho region affected . 

Assuming that all -changes of atmospheric pressure, whether dne to static or 
dynamic causes, may ho traced back to changes of static pressure, and that, of tho causes 
producing changes of static pressure, the changes of atmospheric density, due to varia- 
tion of temperature, are by far tho most efficacious, the question remains, whether the 
highor or loivor strata of the atmosphere are the seat of any given action of the kind. 
It the former, the most important agent indicated by physical considerations is the 
substitution of a saturated and eondonsing mass of air, for ono which is dry and non- 
condonsing ; and which, in ascending as a continuous current, displaces cooler and 
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It appears then, that as regards the Deccan the fall of pressure between the 10th and 
lltk may have been partly due to the increase of temperature, indicated by the latter 
stations of’ the above list. But as regards Gujarat and Surat with the neighbouring 
region to the east and sonth-ea,st, the fall of pressure was accompanied with a very 
marked fall of temperature; and a9 it was an area of excessive precipitation, in the 
absence of any other apparent agency competent to produce this local reduction of 
pressure, we may attribute it, with some probability, to the active condensation going on 
in the higher strata of the atmosphere The result was a great increase in the strength, 
of the westerly riionsoon, which fed the rainfall ; and this, in accordance with the prin- 
ciple above laid down, determined a fall of pressure immediately to the north, and a 
transfer of the pre-existing minimum to the more southerly position which it occupied 
at 10 A.3I. of the 11th, and which is shewn on the chart, Plate XI. The’ increase in the 
strength of the monsoon current, across ELathi&war, Surat and Khaudesh, and its simul- 
taneous decrease in Cutch, are shewn in the following table, in whioli the rate of 
movement 'in miles per hour, at the hours of observation, 10 b. and 16 h. are given, as 
computed from the total movements recoided in tbo intervals. As thesohre alternately 
periods of 18 hours and 6 hours, on the assumption that the total distances indicated by the 
anemometer, when divided by 18 and 6 respectively, give the velocity at the middle of 
each period, the rate at 10 hours is computed hy adding the mean velocity of the preceding 
18 hours to three times the mean velocity of the succeeding 6 hours, and taking one- 
fourth, of the sum. In like manner that for 10 hours is obtained by adding three times the 
mean hourly movement of the preceding 6 hours to that of the following 18 hours, and 
dividing by 4. Tins method of computation, although rough, probably gives an approxi- 
mation sufficient for the present purpose. Dor Deesa, unfortunately, the auemometric 
data are wanting. Those for Bombay are taken from tbo traces of the Becklcy’s anemo- 
graph at the Colaba Observatory, and are aotual rates 


Computed wind velocity miles per hour. 


6MTO9J. 

30iit icur 

llm JptT 

“ 

ieh. 

10 b. 

10 u 

Db, 

m 

Sir 

Yd 

Dir. 

Yd 

Db. 

r«i 

Knrraeheo ..... 

8W 

21 

wsw 

23 

W 

24 


25 

Bmj 

WSW 


SW 

50 

WNW 

23 

w 

22 


WSW 


ssw 

IB 

W 

ID 

wsw 

21 

Surat ....... 

SW 


SW 

18 

SW 

35 

SSW 

37 

ilulcgaon 

W 

7 

W8W 

0 

W 

82 

w 

32 

Bombay 

SW 

24 

wsw 

34 

W 

20 

w 

30 


Dp to the evening of the 11th, the barometric depression was but slight. At 4 *\m. of 
that day, the seat of lowest pressure lay evidently between Deesa and ISeemueh, the 
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heavier ait, while its deposited cloud arrests and absdrbs a larger portion of tlie incident 
solar radiation. It is a matter of daily observation in India, tliafc sucli an notion is 
nccompanied with a fall of temperature at tire earth's surface ; aud thus the reduction in ’ 
the density of the higher strata does not affect ’a barometer on the earth’s surface to tho 
full extent of the change, locally effected, but only-in so far as this is not compensated' 
hy the increased density of the lower stratum regarded os of constant vertical thickness. 

If, on tho othor hand, the lower atmosphere he the seat of the 'action, this may he 
brought about cither by a change of wind, a warmer current replacing one from a cooler 
quarter, or hy the local absorption of heat, either solar radiation or that from the ground 
heated hy the sun. In India, in the month of July, it is mainly with tho latter con- 
dition that wc have to deal. In this case. Ihe higher strata will not, of necessity, ho 
much affected. Any reduction of static pressure is, in this case, at its maximum at 
the earth’s surface, and diminishes more or less rapidly as tho elevation increases. 

Now, it is obvious, on comparing the above two case?, that a small reduction of pres- 
sure shewn by the barometer at the earth’s surface, if due to the former kind of action, 
indicates a far greater disturbance of local equilibrium than if due to 'tho latter; and if, 
therefore, in an area of tolerably uniform barometric depression, the Observed change be 
partly due to the one, partly to tho other action, that portion of the area, in winch 
tlie higher atmospheric strata are primarily affected, will ho the scat of most active 
indraught and further precipitation. • > 

So far with regard to Btatio changes. But so soon ns a rapid current of air pours 
in from any quarter towards an aim of lcduced pressure, a redistribution of atmospheric 
pressure is set afoot hy dynamic action. Tlie fall of pressure, originally local, will he 
communicated fa fho surrounding region; aud especially, in consequence of terrestrial 
deviation, to that which lies to the loft hand ot the strongest current; in the case Of a 
west wind, eie., the region immediately to the north. - 

Now, applying these considerations to the case before ns, we find that in 'Western 
India tlie scat of the greatest fall of pressure wob partly in Gujarat and Surat, partly in ' 
Kliandesh, Bernr and the Deccan. The former was also the seat of very hehvy rainfall, 
both on tho 10th and 11th ; and the temperature, as far as appears from, the registers of 
Surat and Rajkot, was low aud falling. At Doesa, there was a rise of temperature, .whioh 
is in accordance with tho usual experience, the rain having been voiy heavy on tlie ,10th, 
and hut slight on the night of that day and during tho 11th. But in a portion of the Dee- 
can, as represented hy Poona, Buldana, Okanila and Nagpur, there was a general rise of tem- 
perature, most considerable at Chanda and Nagpur, both situated in the heart of a rainless 
region. The data here dealt with are as follow. I include a number of , the surrounding 
stations, in order to show the better the general charaotcr of the temperature changes in 
the two tracts bore contrasted : — 




- 

a TearrsiTusB 1T id x k. 

lOlh 

nth 

Change 

w 

ifft. | Change. 

Deesa 

Kcomuch . 

Indore .... 
IiojUt , 

Surat ... 

Uwnltt} 

Kliniidim 

831 f 
81D® 
78 8° 
83*2® 
SVC" 
81 P® 
83*3® 

87*6° 
798* 
70 1* 
788* 
796° 
77-3 a 
803® 

+4D 

—1-2 

+06 

-62 

’—2*0 

-4’C 

— 3*0 

Jlnlegaon .... 
Bnldonft • > . 

Poona ..... 
ShokpuT . , 

8etatn6erti\64 

Clauds 1 . , . 

Nagpur .... 

841* 
786° 
760* 
83 8° 
80 <7* 
7M e 
78 7* 

801P 

79 8® 
7G‘8“ 
82-3° 
780® 
81 1° 
807° 

—32 
+1-2, 1 
+18' 
-ID 
-20 ‘ 
+•!'/ 
+40 
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It appears then, that as regards the Deccan the fall of pressure between the 10th and 
lltli may have been partly due to the incLease of tomporature, indicated by the latter 
stations of the above list. But as regards Gujarat and Surat with the neighbouring" 
region to the east and south-east, the fall of pressure was accompanied with a very 
marked fall of temperature; and os it was an area of excessive precipitation, in the 
absence of any other apparent agency competent to produce this local reduction of 
pressure, u e may attribute it, with some probability, to the active condensation going on 
in the higher strata of the atmosphere. The result was a great increase in the strength 
of the westerly monsoon, which fed the rainfall; and this, in accordance with the prin- 
ciple above laid down, determined a fall of pressure immediately to the north, and a 
transfer of the pre-oxisting minimum to the more southerly position which it occupied 
at 10 xsu of tho 11th, and which is shewn on the chart, Plate XI. The increase in the 
strength of the monsoon current, across Katliidwar, Surat and Khaudesb, and its simul- 
taneous decrease in Cutch, aro shown in the following table, in which the rate of 
movement 'in miles per hour, at the hours of observation, 10 b. and 10 h, aro given, as 
computed from the total movements recorded in tho intervals. As these'are alternately 
periods of 18 hours and 0 hours, on the assumption that the total distances indicated hy tho 
anemometer, when divided by IS and 0 respectively, give the velocity at the middle of 
each period, tho rate at 10 Hours is computed by adding the mean velocity of the preceding 
18 hours to three times the mean velocity of the succeeding G hours, and taking one- 
fourth. of the sum. In like manner that for 1G hours is obtained by adding three times the 
mean hourly movement of the preceding G hours to that of the following 18 hours, and 
dividiug by i. This method of computation, although rough, probably gives an approxi- 
mation sufficient for the present purpose. For Dccsa, unfortunately, tho ancmomotric 
data arc wauling. Thoso for Bombay are taken from the traces of tho Becklcy’s anemo- 
graph at the Colaba Observatory, and arc actual rates : — 


Computed Kind velocity miles per hour. 


StlTlOTS. 

1 

| lotn iiu 

! llru Joi/r 

Mh I 

| 10 h 

10 h. 

| 10 li 

Dir. 1 

D 

Dir. ' 

VI 

Dir. 1 

\d ' 

Dlt. 

Yd 

Kurruchoc 

SW 

21 

wsw 

23 

W 

21 

WSW 

25 

Dliuj 

WKff 

40 

SW 

CO 

WNW 

23 

■ 

w 

22 

Rajkot ....... 

wsw 

10 

ssw : 

13 

w 

19 

wsw 

21 

Sunt 

SW 

10 

SW 

18 

SW j 

35 

ssw 

37 

JInlegnon ...... 

w 

■ 

wsw ' 

C 

W ! 

32 

w 

82 

EomliRy ....... 

, SW 

1 

wsw 

31 

w 

20 

w 

80 


Up to tho evening of llic lltli, the barometric depression was hut slight. At 4 t.ji. of 
that day, the scat of lowest pressure lay evidently bctu ecu Decsa and Ncemuch, tho 
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jwest pressure shewn on the chart, (Plate XI), being, ns reduced to sea-lovel values,' 
9-367" at Deesa, and 29'368" at Nceniueh. In the 6 hours ,thnt had elapsed since 
0 A.ir. of the forenoon, the seat of minimum, as far as this can ho inferred from the 
egisters, had been transferred about 100 miles to tile south-east, or diieetly towards the 
sat of excessive rainfall of tliis day in Eastoru Gujarat,.and also towards the rapidly 
lcreasmg monsoon current shewn in the above table at Surat and Malegaon. The fall 
f pressure, in these 6 hours, at the stations in tliis part Of "Western India f was, as 
hewn in the fust columu of the following table. The second column gives the normal 
iurnal fall for the month of July, and the third the residual fall which may, therefore, 
e regarded as abnormal, and as an effect of the local condensation : — 


Barometric change fiom 10 hours to 1G hours of the 11th July. 


• 

From obs 


Abnormal. 

Piwhbudrn 

' — O101 inch. 

— '097 

—*00<t 

Dccsa 

— 0133 „ 

— 108 

— 030 

Blmj 

— 0112 „ 

— •073 

— 039 

Rajkot . 

— 0-0G0 „ 

— 079 

+ *010 

Surat 

— 0101 „ 

— 081 

— *02b 

Molcgion 

— 0-083 „ 

— 081 

— 002 

Bombay 

— 0030 , t 

— -ocr 

— 022 

Kh mdwn 

— 0 093 „ 

— •088, 

— 005 

Indore 

— 0124 „ 

— 080 

— 035 

Neemuch 

— 0116 „ 

— 079 

— 030 


fp to the afternoon of the 11th, there was no ooncentiation of the storm ; there was 
n extensive barometric depression and a slight circulation of air around ; hut no distinct 
toi-m voitex. Tins lattor appears to have formed, rapidly, between Bajkot and Bhuj, 
n the night of the 11th — 12th July 6 , and by 10 a.m. of the 12th, was well established 
i the position, which it retained, with hut slight change, until it broke up on the 
Ttemoon of the 18th ; as is shewn by the charts for 10 h. and 16 li. of the 12th and 
3th July (Plates XII and XIII). The registers of tompeiature, pressure, and wind, 
apour tension, humidity and cloud for these several hours, and the abnormal changes 
f pressure (after deducting the noimal oscillations), fox each interval after 16 h. (<t p.ir.) 
f the 11th, are given m the following table, for the same stations as were enu- 
nerated in tlio table for the 11th on page 86 The Volocity of the wind at the hour of 
bscrvation has boon computed in the manner already described. 1 

* See the report of Colonel Burton, Political Agent, KnUiiai?ai,protfea,p 07 
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only observations available have been those recorded on ships, with unverified mstm- 
ments, and in positions which, in many eases, could be determined only approximately 
and with more or less probability of error. Added to which, all measurement of that 
most important clement, the rainfall, around the birthplace of thestonn, has been im- 
practicable. It is therefore an occurrence of more than ordinary interest that presents 
itself in the Gujarat storm of the 11th and 13th July 1881 ; which, having been generated, 
on a land surface, in the midst of well equipped meteorological observatories, has fulfilled, 
in a high degree, all those conditions that aro demanded by scientific enquiry. 

The successive steps in the formation of this storm, as they have been traced in the 
above discussion/are as follow : — 

First .— There existed, on the 10th July, a very extensive area of low barometer, 
running across Northern India, and including two minima ; the larger of which, of very 
slight intensity, occupied nearly the whole of Bajputana and much of the adjacent 
territory west of the Aravalis. Within and around this, the winds were 'very light, and 
very variable in direction, except on the south, where a strong south-westerly 
monsoon current blew across Ctiteh. ‘ 

Second .— -In the next 2-1 hours, the depression was slightly intensified, in eonse- 
qucnco of a general slight barometric fall, over a well-defined area in Northern India 
and the northern half of tlio poninsula, and a slight rise around its borders. As regards 
the Punjab and Indus valley, the rise of pressnro is an instance of a phenomenon very 
common in this region, at all seasons of the year, after rain ; and, in this case, it followed 
or. the cessation of unusually heavy rain Bat rain continued over the northern half of 
the area of falling barometer (excepting in Sind and Western Bajputana), and was 
especially heavy in tho east and south of Gujarat, vis., along the Aravalis and in 
Kathiawar ; to the north-west of which region, a slight cyclonic circulation was set 
up, around the seat of minimum pressure. Tho strong monsoon current, which fed this 
rainfall, at the same time shifted to the south, the wind falling at Bhuj (in Outch) 
and increasing at Bajkot, Surat, and Malegaon. 

Third . — The heaviest rain of all was in the north-west of Kathidwnr, where the 
stormy west wind swopt the (opposed slopes of the low hill range that traverses that 
peninsula ; hut although the wind was high, there was no appearance of a cyclonic 
voitex in this region, until the night of the 11th. Whether the slight depression, with 
a cyclonio circulation around, which existed between Deesa and Ne'emuch, at 4 r.M. of 
that day, was rapidly intensified and transferred te between Bhuj and Bajkot (a distance 
of 200 miles), or whether a new vortex was formed by the eddying wind in the new 
position, the previous depression becoming evanescent, is a point on .which evidence is 
wanting. But it is certain that the storm vortex which fiist appeared between Bhuj and, 
Bajkot on the night of tho 11th, coincided exactly in position with the seat of the heaviest 
rainfall, much of which had fallen during tho previous day ; and that, during the whole 
of tho 12th and tho forenoon of the 13th, it shifted hut slightly to the westward of its 
place of origin, a deluge of rain falling without intermission immediately around. 
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APPENDIX A. 

'Report of Colonel L. C, Beetok, Political Agent, Kathidmr, 'dated 18th July 1881. 

" I regTct to have to report, for the information of Government, that very great damage has been 
occasioned by tho.lieavy storm that swept over this province last week. 

The centre of the cyclone appears to have travelled in a north-easterly direction through the Halar, 
striking the land about midway botween Porebunder and Dwarka, and passing over Nawanagar, Dkrol 
and Morvi,* and doing great derange in these towns and the Bnrrounding country. <• 

Reports from Nawanagar state that rain commenced falling on the 11th; the river Naginati, which 
runs by the town, was in flood early on that day, and penetrated into the honses, carrying away much 
property and cattle. On the night of the 11th, the wind increased to a gale and was accompanied by 
torrents of rain; the town was inundnted ; about 1,000 houses, it is computed, collapsed, and there was 
some loss of life. The storm continued, without cessation, until the afternoon of the 18th, 88 inches and 
90 cents of rain being gauged. 

The town of Dbrol lins suffered even more severely, three-fourths of the houses are said to he in 
ruins ; 33 i inches are reported to have fallen here during the storm, . 

Morvi was struck by the storm about 10 o’clock on tho night of the 11th, ofter which it rained and 
blow, without intermission, for 30 hours. After a short lull, another fall took place, Insting 16 hours ; 
and again on the 14th, the storm lasted from 10 a.it. until sunset. During its continuance, 85*54 of 
rain fell. Tho damage done has been very great, the extensive suburb of the town has been nearly 
destroyed, and all the valuablo property, stored in warehouses there, washed away. Many houses in the 
town have fallen down, the jail was flooded and had to bo vacated, and it iB feared there has been consider- 
able loss of life, as well as property, not only in Morvi itself, but throughout the district. Whole villages 
arc reported to have been swept away ; while the minor towns are stated to have suffered in a greater 
degree tbnn the capitals. 

The chiefs, with their usual liberality, are providing food and shelter for tho homeless. The Thakore 
Sabcb of Morvi distinguished himself by bis activity. He went about tho town daring the storm, pro- 
viding food and shelter for those in need o! it, thereby giving an excellent example, and infusing energy 
into bis subordinate officers. 

In Rajkot, tho storm was very severe during the 11th and 18th, but subsided on the 18th. The re- 
turn of rainfall is as follows : — 11th, 6 inches 1 6 cents ; 18th, 6 inches 26 cents j I8lh, 2 inches 80 cents ; 
total 14 inchcB 72 cents. Considerable damage was dooo to buildings and trees, but it is evident that we 
escaped the fall foreo of the storm, which appears to have had its axis in a line running from south-west 
to north -enst, passing about 50 miles to the north of this station. In Iodiyn, for instance, it is reported 
that 60 Inches of rain fell during the storm. 

A further report will be submitted when full particulars regarding Ibh extent of the damages and loss 
of life have been received. 

Report ofJS.s N. Reeves, Esq., Political Agent, Culeh, dated 26th July 1881. 

With reference to tho recent cyclone, tho centre of which is said to have passed somewhere near Bliuj, 
I have tho honour to submit certain information collected from some of the principal towns in Cutely 
regarding the effects of tho galo of wind and heavy rain, which occurred between 11th and 14th July. 

From 6 p.M. on tho 10th to 6 vx, of 14th, 8 inches and 8 cents of rain fell at Bliuj. The readings 
of tho bnromcler and thermometer, humidity of the air, tho velocity and direction of tho wind on the dates 
above mentioned, arc given in Appendix A.f In the city and immediate neighbourhood, six houses fell 
down, 185 wore partially injured, and 850 truce were blown down. 


* This Inferential coorto of the storm is, of course, orroneoiu, iw applying to tlio vortex, it almost describes tbe course of tiio 
most violent Triad blowing op to tlio storm centre. 

f Omitted bore, tbo data for Bboj having already bum given in the Tables in the tut. 




. 9S-' * LAND ct clone- in gujarat 

* ■ Tkeraili&H at Maudvi from the Light of .the lltli up to midday, of tbo, 14 th is given below 


12th Jnly, Tuesday • / 

„ 1 . M iiiclics^O cents, 

IStb' Wulncidiiy *. 

_ ' ‘ . • - 5 . !?4 ; : 

14th „ ■ Thursday*, /. 



* ‘ * • Total . ■ZOmcbMo-lceuls.' 1 

The tendings of the barometer and, 'thermometer on those three days, as well as the direction of- -the ■ : 
wind, were as follow ; — , _• . / • " \ * /r' 


Bahompteh seasisgs. \ .TirnniiostEiEit, Bsioi-vas. " 

IOa.m, 6 r.M. ’ ‘ ' '10'AJt: ‘ * 

]2tli, 2922 . . .29-13 1 • * ‘.83 8-1/ 

i3th, 29 30 . . . am , . * /">S ' 

14th, 23-40 . . . 29-39 : 62 i . S3 

DutECIlok OP THE WlXD. 

12th July KW. ^ > •' V 

13th „ " SW. ' \ 

14th „ KW. ' . f .‘, 


I regret to say that tho barometer litis been discovered to be out of order, so that the above observations' > 
aro not quite corrcot; but the amount of rain, registered on the first two days, „whs (jmlo’abndrinnl. 
The water brought down from the Charwa range hy the Bootee river) which flows past the town of- 
jSiandvi, cut away the sand bar between the point of the wharf wall and the groyne, and lowered ltf'b feet/ 
The channel of the river was widened, 2 feet at its mouth and 5 feel off the wharf wall) a part of •which; 
was injured, and ono o£ the four end blocks which form a sort of pier head to the ' breakwater)' saulc several 
feet; 120 houses wholly or partially fell down; Ibenomberof the trees blown down 1ms not been' ascertained) , 
hut it is very great. Four large and five email Pnttymars, value about. &s. 12,000, were carried out to sea/, 
Timber slocked on the banks of the river, worth about Its. 17,000, was washed ‘away, j A man who fras.in ■ 
one of tho boats alien it floated out of the harbour, has not since Been heard of. . ’ ‘ t ’ v. ‘ 

There is do barometer at Aujar; tbe readings of the thermometer,’ -the rainfall,, and v-tiie direction of 
the wind, howover, were recorded ns follow 

TnEanoJima acurtKo? 

12th July 82 . . . :• '} . 

lath „ 80 . . . 

15th ,,78 . . . 

JUinFALL. 

G inches. 6G contn. 

iinefi . GO- „ -- 

2iuchcn . G'l i. 

Total . 10 „ . 70 

Diuectiox op ?jie TVikd. 1 . 

12lli July . . . .. V : x vh, 

33th „ s • . >. .. / N.S.TV.; 

loth „ . 4 „ \ J\ r .„/-.,./ 

In this district, SO D h ouscs and ‘ 150 trees wore more or .less' inj ured i - Four head of cattle' were swept ! 
away hy floods. At Khari BoJiur four boats drifted ont to sea/ add have nti/srace/bccn "found. At . 
Teona, 3 or i boats were injured by being violently gashed ngmnsfc one, another. ) Some ‘timber lying ou ‘ 
the shore at this port has also disappeared.- The'huod, built byShingjibiiai of Jfandvi, across Uio Toona ' 
river, last year, at a cost of llsi 800,' hag -been destroyed; '* ‘ ' ’’ ' * 


12th July 
23th „ 
14th „ 


62 • 
,83 . 
S2 
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At Baehao the rain, registered in the town itself, during tho three days and the night of the Utb, 
is os follows 

Night of Monday, 11th July 7 inches 90 cents. 

Tuesday, 12th July . 1G „ 

■ Wednesday, 13th July . . , liuch . 4G „ 

Thursday, L4tb „ , 2 inches . 69 „ 

Total j 12 inches . 41 cools. 

About 400 houses and 300 trees suffered damage in this talukn. 

From the above facts and observations, it would appear that the centre of the cyclone did not reach 
Bhuj, the storm was more violent, and the rain foil more heavily nt Jlandvi than at Bhuj, and the Stale 
Engineer tells me that, so far as he can gather, it passed through the Gulf of Catch or over the opposite 
coast of Khtbidwar., • * 

APPENDIX B. 

* , Statement giving ihe daily rainfall at if alio ft a in the diatricii enumerated in Gujarat and Stud, 
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ZV'—On the Temperature of North-Western India:— By S. A. HiLloJB.Sc., Meteoro- 
logical Neporier to Government, North-Western Provinces and Oudh. 

Nearly eight years having now elapsed since the establishment of the Indian Meteo- 
rological Department, while, in all the more important provinces, local arrangements for 
the collection and publication of trustworthy meteorological observations were made 
eight or ten years previously, the time has now arrived when it may fairly he assumed 
that normal values of the temperature and other climatological elements, for most parts 
„of the country, are attainable. But if one may judge from the maps given in modern 
text-books of physical geography and meteorology, the prevailing notions regaiding the 
distribution of temperature and barometric pressure in India are still very inaccurate. 
This paper has therefore been compiled with the object of correcting these ideas as 
regards temperature ; hut since the labour of working out the normal temperatures for 
the whole of India and Burma would he very great, and since I have no personal 
knowledge of Southern and Eastern India, I have confined the scope of the present paper 
to the North-West; including, under this term, all those portions of the Indian area, 
which lie north of the 20th parallel and west of the meridian of 86°E. from Greenwich. 

The discussion of the* temperature of the rest of the country is better left to other 
officers of the Meteorological Department, and moreover, it will be most satisfactorily 
performed after the reduction of the observations collected from the Indian Seas, now, 
I believe, in progress. 

In this paper, we have to deal with a land area equal to that of Central Europe, — that 
is, to the whole of Europe with the exception of Russia and the Scandinavian, Balkan, 
and Iberian peninsulas — in which, up to the present time, temperature observations of 
the following classes have been made : — * 

I. Observations of a standard or verified thermometer, under a thatched shed, for 

. several years, at 4, 10, 16, and 22 hours, local time ; or at 10 and 16 horn's 
only, together with hourly observations on four complete days in each month, 
and daily observations of the self -recorded maxima and minima 

II. Observations of the state of the thermometer at 10 and 16 horns and of the 
maxima and minima only ; the instruments, however, being exposed under 
thatched sheds, and being for the most part verified and corrected. 

III. Observations of a somewhat desultory and uncertain kind, made at hospitals 
and dispensaries or by private observers, the thermometer being unverified 
and the exposure various the hours of observation also various, but most 
frequently sunrise and 4 pm. 

In the map which gives the normal distribution of the mean annual temperatuie 
[Plate XIV], the stations, at which the three classes of observations have been taken, are 
distinguished by different signs. Those of the first and second class are furnished by the 
Government observatories and a few others equipped.on tbe same scale. Erom the numer- 
ous observations of tbe third class, a selection haB been made ; none being taken, unless 
they agreed fairly with the nearest of Class I or II, or unless they belonged to some 
region not otherwise represented. 

Observations of the third class, made in earlier years have, however, in many instances 
been used to extend the register of the present meteorological observatories , the annual 

* At the Maharaja's Ohsgrvatoiy, Jaipur, tho temperature is now automatically recorded by one of Van RyBselberghe's 
Meteorograph!, but nous of the traces have 3 et been tabulated. 

D 
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means of the two series, in such eases, differing by less than til? probable error of the 
mean. 

Didunad Vahiation. 

The first stop towards the establishment of the normal t emperature of a place, is the 
determination of the daily rariation, and the correction which must be applied to the 
mean founded on any given combination of hours, in order, to reduce it to the true diurnal 
mean. For the purpose of determining such coirections, the hourly observations, men- 
tioned above, were instituted in 1875 and 1876, and are still being carried on. On eaeli 
term day, (the 7th, 14th, 21st and 28th of tlio month), twenty-five observations of tem- 
perature, extending from midnight to midnight, are made. 

All the hourly observations, for -any given month, having been tabulated and the 
means Btruck, and any residual difference between the two midnight means having been 
distributed equally, the observations at 4, 10, 16 and 22 horns (when such had been 
taken) woie inserted and the figures altered accordingly, as described in Volume I, 
page 68. The figures for the day hours were then in some oases further corrected hv 
means of a longer series of observations at 10 and 16 hours. In this way were obtained 
the connected hourly means and the true diurnal mean for each month. 

Table I gives the variations from the diurnal mean, at 4, 10, 16 and 22 hours, for 
every station at which hourly observations have been recorded; also the .daily extremes, 
as given by self-registering thermometers ; and the periodic maxima and minima, with 
the hours at which they occur. The periodic extremes have been obtained, by parabolic 
interpolation, from tlio observations of the three horns nearest to tho maximum or mini- 
mum ; the epoch of the minimum, at least, being determined more exactly by this method 
than by means of Bessel's formula. Tho data in tho table will suffice for the graphic 
lcconstructioil of the diurnal curves, and they occupy much less space in printing than 
the full series of hourly values would have done. 

For several stations, at which no hourly observations were made, approximate values 
of tlio hourly means have been obtained, by inserting the observations made at 4, 10, 16 
and 22 hours at these stations, in tho hourly series for some station or stations not very 
distant, and correcting the other figures accordingly. Tho data on which the diurnal 
curves for each place are founded, are mentioned in the heading of each table. 

No regular seiies of hourly readings having been made at any of tbe Himalayan 
stations of 6,000 or 7,000 feet elevation, * I have attempted to construct hourly curves for 
ChakrAta and BAnikhct, by parabolio interpolation botween the 4 a.h., minimum aud 
10 a.m. observations, the 10 a,h. maximum and. 4p,m, observations, and tho 4 r.M. 
10 in. and 4 a.u. observations, Tho extreme values being those given by self- 
registering thermometers, tho range of the curves is too great ; but the epoobs of minimum 
and maximum are probably not far wrong ; and tlxe calculated hourly values suffice to 
show that, the mean of the four equidistant observations, at 4, 10, 16 and 22 hours, does 
not differ, in any month, by more than 0'2’ from the mean of the day — a conclusion which 
is confirmed by occasional series of observations made by travellers, for example, by 
Dr. Scully’s Series at Murroe and SrinagaT, given in Volume I, page 224 of this serial; and 
which might indeed he inferred from tho small diurnal range at these elevations. For 
hilt stations botween 5,000 and 8,000 feet, we may therefore assume the mean of four 
equidistant observations to he the true mean of tho day. 1 

* Except thosO by Colonel Boilntl, at Stroll, in the years 1843 to 1845 , add, m tint case, the conditions of exposure 
wore such, as to render them not comparable with tlio temperature readings now recorded al the Government. Observatories, 

h ’r b. 
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Table l.— Diurnal variation of Temperature* 




Station: Leu. 



Latitude, 31° 10' N.; " 

Longitude, 77 s 43' E, j 

Elevation, 11,538 feet. 


Data— 

Hourly observations 

Maxima and Minima 4 — 5 years. 

. 13 days each month. 



• The Ihermomtter In ns« haring given erroneous mdlnge, these flgmci hire been taken bom tie hourly observations , They repreient the mean eiens 
ot the highest homlj reading above the mean of the dij. 


Station: ChaksXta. 

latitude, 80°40'N.; " Longitude, 77° 55' E.j El era ti an, 7,053 foet 

Data— Six hourly observations .... 5 — 6 years, 

10 hours w*d IS hours observations , .6 additional years. 

, WnTiran and Minina .... 11—13 years. 



















OK THE tempebAtuhe op korth-ttestebk indu 


Table I. — Diurnal Tanaiion of Temperaime — Ctmtd. 

Station Eamkhet. 

Latitude, 29*33 N , Longitude, 70° 29' E , Llovation 6 0G9 foot 

Data — „ Six hourly observations . • * 4— 5 years 

10 hours and 16 hoars . .6 additional yours 

"Maxima and Minima . - • * 30 — 31 years 


MuXTUi 

< hears. 

lOllCUTS 

10 hoars 

22 hoars 

Time or 

SI ail Ham, 

• 

Time of 
Minimum 

Sell rcpIjtMri 
Minimum 

Sell registered 
Minimum 

Mew duly 

linage 


o 

a 

6 

■ 

n. 

ai 

H 

W 


- 

* 

ary 

— 5 0 

+24 

+48 

— 2 3 

13 

21 

5 

40 

+8 0 

—03 

16-2^ 

nary 

—40 

+18 

461 

—22 

13 

32 

h 

i0 


-71 

153 

li . 

-5 3 

+2 8 

+6 5 

—20 

13 

25 

v 6 

1 


—81 

17 3 

1 

—63 

+33 

+6 3 

—33 

18 

24 

0 

7 

+84 

-90 

17 4 


-54 

+3 6 

+4 9 

-2 0 

13 

13 

<3 

0 

+8 7 

—8*4 

17 1 


-5 3 

+2 9 

+4*0 

—10 

13 

22 

5 

30 

+72 

—00 

13 8 


-3 0 

+16 

+3 2 

—11 

13 

20 

6 

35 

+00 

-4-7 

10 7 

iet 

—32 

+15 

+31 

—14 

13 

23 

5 

42 

+5 6 

—38 

03 

mber 

B9 

+2 6 

+41 

—26 

18 

19 

6 

36 

+7 2 

-51 

12 3 

jer 

E9 

+31 

+6 7 

-3 6 

19 

28 

5 

31 

+8 5 

-64 

" 140 

mber 

—57 

+3 2 

+6 2 

-2 8 

13 

10 

6 

40 

+8 0 

-74 

109 

nber 

-5 1 

+2 4 

+4 3 

-2 4 

IS 

17 

5 

63 

+8 8 

-71 

15 0 

lear 

-4 0 

+25 

+4 7 

—24 

13 

22 

5 

47 

+80 

-00 

\ 

- 14 0 


■f 

Station Lahore 

Latitude 31° 34 IT , Longitude, 74° 20' E , Elevation 732 feet 

Data — Hourly observations , ** . 20 days each month 

Six hoatly „ . , . 5 years 

I.Jnxunu and Minima .. , . .» 5 ,, \ 


Mosxn 

4 hoars 

10 Loan. 

Id hours 

22 hours 

Periodic 

Maximum 

Portodlo • 
Minimum 

Time of 
Maximum 

Time of 
Minimum 

Self ! 
roffifilcreil , 
Maximum : 

prep 

Mean dally 
Range* 


o 

« 

• 

• 

0 

1 

H 

i\r. 

11. 

M 


a 

u 


— 02 

i +33 

+ 131 

—38 

+13 0 

—10*0 

14 

68 

O 

SO 

EHm 

—12 0 

27 4 


— 80 

iesps 

+ 113 


+110 

— 03 

14 

57 

5 

50 

BiH 

—112 

24 6 


—101 


+121 | 


+12 7 

—120 

14 

40 

6 

49 | 

KBH1 

—12 7; 

26 0 

i 

—122 


+12 7 


+181 

—126 

14 

20 

6 

60 
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—148 
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—120 

iHi 

+121 

—60 
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—12 2 ; 

14 

28 

4 

34 
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—141 
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—10-6 

+43 

+114 

—44 

+126 

—111 

14 

5 

4 

49 

+148 

—124 

27 2 

* 

BED 

+2-0 

+ 74 

—26 

+ 8*2 

US 

14 

16 



+110 

— 85 , 

19 6 

oat 


+2 0 

+ 65 

—25 

+J1 

as 

14 

42 



? +10-1 
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ember . 

— 78 

+3 0 

+ 00 

—36 

+ 04 

— 80 

14 

30 



+ 10*9 

— 90 ' 
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—106 

+6 8 

+131 

—53 

+13 0 

—11*3 

14 

66 

G 


+ 16 4 

—12 8 

28-2 
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— 05 

+6 5 

+141 

' —01 

+16 C 

—112 

14 

90 

E 

B 

+17 4 

— 1B-0 
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mber 

— o-o 

+4 3 

+130 

—40 

+144 

—104 

14 

44 

6 

37 

+160 

-119 

27 9 

\nr j 

-64, 

+4-2 

+113 | 


+12 1 

-102 

14 

30 

6 

37 

+141 

-11*7 

26 8 










































ON THE TEMPERATURE OF NORTH-WESTERN INDIA; 


Table 1.— Diurnal variation of Temperature— waii. 

Station : KuitB&cnEE. 

Latitude, 24 s 47 N. | Longitude, G7“ 4' E. ; • Elo?fltion 40 feet. 

Data— . -Hourly observations, 15*18 days each, month. "> From tho AMfOrolojy of the BumEay Piet\ 
Maxima and Minima, IS yean. i dtnejf by C. CitAKBEna, F.E S> 



Station: Deesa. 

Latitude. 21* 10* N, i Longitude, 72* IV E, Election, 4GC foot. 

Uolrt— Hourly observations, 1M7 day* coeb month. ) From tho Afolrorolojy of the Bornlay PkjI* 
Maxima anil Minima, 18 year*. ) Henry by 0. CiUUUERfl, FJ2.S. 





















' ON T HE TEMPERATURE OP NOETU-TTESTERN ' INDIA. 

' Tabzu J. — Diurnal variation of Temperature- — contd. 

„ „ ' ' • ’ Station:, Ajmere. ; - ' 


iAtitruTo, 2G° Sfl' N. t _ ' Longitttdo, 74° 87' E. } 

- Data— Hourly oh so mittens . ■ * • • * . • 

* Six hourly „ • • • • • 

.10 hoars and 10 hoars oDsorpaaons * 

- Maxima and Minima . . , . ■ ■ v _ 


Elevation 1,011 loot. ' , ' . ' 
2-1 days eaoh month (at Agra). , , 
. 8—0 years. * 

6 yoara (in addition). 

,7— liyeare. ' . , • » 



ho nmuiutklly early hour of the daily minimum at this station may perhaps be attributed to the peculiar position of the observatory, which was 
Situated at the foot of n rocky ridge, near an opening In tho ridge through width the air, cooled by nocturnal tadlatiou, drained asray. In the 
situation of the observatory near the centre of tho plateau, tha minimum probably occurs later. ‘ , - . •, 


Station: Jetpdh*\ . . • 

Latitude, 2G° 54' N."j Longitudo 7 5 ° 0 ' E. ; • , .Elevation 1,430 foot..- ‘ • 

Data. — Homly obsorrationB . , • - •“ , . 4 daya each month. ' . \ 

Sir hourly ,, . ’ . . « . 1-ycnr, 1 ' . 

Maxima and Minima . ’ , , • * • 1 „ *' ’ 1 . 
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Table I.— jDiVttaZ variation of Tetnperalure—c<m[([, ' 

. Station: Rooties*. 

Latitude, 23® 62' N. j Ionjptudoj 77° 5G'E. j El ovation, 887 foot 

DnJa— Hourly oliBomtions .... 21 day a each month. 

Six hourly „ .... 7-3 years (in addition). 

10 A 16 Lours obsorrationB . . . 5*G „ 

x Sfnima and Minima . . . . 14 „ 



Station: Aoiu. 

LatitnJo, 27® 10’ N. ; Hoapltudc, 78° 5' £. } Elovation, 655 foot, 

Cain— Hourly obfomfaons .... 21 day* wch month. 

8lt lionrly „ .... 7-8 yc#n. 

10 A 1C hour* obMrnvtionB . . . 5-0 >, (In addition). 

Maxima (ved Minima .... 12*14 „ 




























OS' TE2 TEHFEBA-TURE, OF ■S’OETH-TTESTERN XN3>IA. 

, TaBLE.T .— variation of Tempera(ure-y~cont&. \ 

4 - v ;.***’ Ci>|>"r/>*; . '* ' T '« • * * J1 *" 

tUUtufcBrsrV.t . ' '■ . on, 855 feet. - 

Dafa.r— . » • ■ 


lOTTJTi 

4 haoru. 

y ■ 

o 

— 9*7 

.iy . . 

—10*8 


—11*3 


—11*5 


—10*5 


— 6-9 


— 3*8 

* • • 

— 4*0 

iber 

— CO 

r 

—10*7 

ber 

—11*8 

ber - 

—11*9 

Year 

- 9*0 


10 boors. 


+ 32 
+ 3-3 
+ 41 
•f- 4*8 
+ 3-7 
+ 2-4 
+ 1*3 
+ 2*1 
+ 31 
+ 6*7 
+ 6*8 
+ 6*1 
+ 98 



• . Station 1 • ' LrcxNoiP. ,'' ' 


Xatitndo. 26° 50’ N. j • • , Eoniptndo, 81° O' E. ; . 

Data.— Howly observations . . . , ' 

Sir hourly - ’ . T 

* 10 «fc 10 hours observations « " 
Maxima end Minima . . • . 


lojfTH. 

• httiw. 

10 fconra. 

»7 « 

o 

— 102 

« 

+ 2‘fi 

nry . 

—10*8 

+ 4 ‘ V 

i . * 

—12*4 

+ B-8 


— :s-t 

+ ’ 0*4 


—10'S 

+. 4*0 


— 90 

4- 2*4 

• 

— 4*2 

+ 2*0 

sfc , • , 

*,~ 4*3 

4-/ 1*5 

robe** 

— 4*8 - 

+ 0*0 

»or . ’ *. 

9*8- 

+ 6*2 

mber _ ; 


; *f 7*3 

nber . 


4- 6*0 

Year . 


'4-4*3 






















OK THE TEMPERATURE OP NORTH-ISTSTERN INDIA. 
Table I— Diurnal variation of 2byjfirirt»re— eontd. 
Station : Allahabad. 


Longitude, 81° 52' E.» 

Hourly obs or vat ions. 2A days each month. 
Six hourly ,■ . 12 yours. 

Maxima and Minima. 12 „ 


Elovation, 307 fact. 



Station; Gosakhppb. 

Latitude, 20® -iC'N. 5 Longitude, 83° lB'E } Elevation, 25C foot. 

. Dnia— Hourly oWmUomi. 21 days wen month (ntLuclcnoiv). 

PI* hourly 8-7 ypua. 

10 how A 18 hours observations. C duuDosal years. 

Maxima anil Minima. 12 yoars. 





















OK THE TKHPEBA.THRE OP , KORTH-'WESTEHN INDIA. 

/ ^ Table ,1 . — Diurnal variatioivbf^ Tempcratvre—^^ontd. 

; \Station : 'Patna. . • 

latitude,’ 25° 37' N.’l ■ ■ ’ Longitude. S5° 8’ "E. i ’ ‘ ’ Elevation,' lfo fact. 

Data--- Hourly observations. 27-29’ Says, ffl oh ' B»on th- ' . 

• ' . ' Six hourly.. ' ' p . • * 4rS ycara. . ■ • . ■ „* ' 

■ ,* * Maxima nud -Minima J « ■ 5 m . 



latitude, 24° 9' N. ; 

2) citft — k 


Station : Hazauibaoik- 
■ Longitude, S3" 21' E. ; 


Hourly- observation?, 33-30 days' oaoV month", 
iraritnu and Minima, 0 ycare. . - * , § 


' "Elevation/' 3,010 tcct. 
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JTosfit 

January 

February 

March 

April 

May 

June 

July 

August 

September 

Octobor 

November 

Doccmbcr 

Year 


Table I — Diurnal tortaitou of Temperature— contd 


Latitude ST’S N 
Data— 


Station Jobuclpore. 

Longitude 78° 50 E 
Hourly observations 21 dajH web month 
Maxima and Minima, 5 years 


Elevation, 1,551 feet 



Station Nagpcr 

Latitudo tf D N Longltudo 79* ll E., . Elevation, L025 foot 

Data . — Hourly observations 24—28 dayB each month 

Maxima and Minima, 6 years 



































OK THE TEMPERA THEE OP KORTII-'WESTEltK iKpXA. 

Tabuj I — Vnirnal sanation of Temperature — con cl 3 
Station Pa cum turn. 

ratltuilc S2°28 N , Ixmpitudc, 7fl° 28 E , Elevation 3,501 foot 

Data— Hourly oVernlion-i, £4— ES dAya each month 

htnxima and "Win hub, C years 


foyrn 

4 loom 

lOhcrurt 

lfl boors 

22 boors 

Periodic 

Maxlmam 

Periodic 

Minimum 

Time of 
Maximum 

Time ot 
Minimum 

Self 

registered 
Mailm un. 

Self 

nplatercd 

alniiinam 

Mean dally 
Bange 


0 

• 

0 

a 


0 

H 

51 

H 

M 

itgaj 


0 

7 

— 0 5 

+8*1 

+118 

—01 

+12*7 

— 9*9 

14 

80 

5 

43 



242 

0 

—08 

+6 7 

+10 4 

—45 

+111 

—10*1 

14 

43 

6 

2 



233 


—82 

+6 2 

+ 89 

—40 

+ 07 

- 87 

14 

30 

5 

90 

Hpl 

—13 6 

24 0 


—77 

+3 9 

+ 84 

-31 

+ 86 


16 

30 


35 

E5JT1 

—12 3 

22 4 


—69 

+24 

+ 70 

—24 

+ 81 


Id 

16 

6 

32 

+10 0 

— 9*0 

10 0 


—43 

+0-1 

+ 66 

—CO 

+ 60 


16 

30 

6 

42 

+ 81 

— G4 

145 


-21 

+0 3 

+ 26 

—02 

+ 2*9 

— 26 

14 

7 

6 

30 

+ 8 D 

— 4,3 

82 

t 

—24 

+0 3 

+ 29 


+ 33 

— 2*0 

16 

0 

5 

47 

+ 49 

— 26 

74 

aber 

—36 

+21 

+ 38 


+ 6*2 

— 4*2 

19 

30 

5 

37 

+ G 1 

— 40 

io-i 

r 

—70 

+G6 

+ 74 


+ 80 

— 87 

13 

56 

5 

33 


— 82 

17 3 

iber 

-89 

+8 2 

+101 


+110 

—10 2 

13 

66 

6 

38 


-117 

210 

ber 

-9 2 

+6 8 

+101 

—00 

+118 

- 98 

13 

20 

6 

85 

RSi 

— 1X6 

24 4 


■ 

+4 3 

+ 7*6 

-31 

+ 82 

- 7’4 

14 

23 

6 

34 

ill 

- 8-7 

181 


At most stations, especially where tlie houily means for a few days in eaoli month 
> been corrected by the insertion of the six-liovtrly means for several years, the epochs 
laximum and lmnimum, and the variations from tho means at theso epochs and at 
lioui8 given in the table, exhibit a fairly regular annual inequality. The most lm'por* 
exception to this rule is Patna, whore the hour of minimum is apparently very 
a “lor, probably owing to some defect in the observations. 1 The epoch of minimum 
es with tho hour of sunrise, generally pieoeding it by a quarter to half an hour ; 

on tho whole, occurring earlier, as tho elevation of tho station is greatei. ‘The eo- 
tlence of the peuodio minimum with sunrise, at stations on tho plains, wonld be closer, 
were assumed, as was done in discussing the tompeiaturo of Allahabad, (Vol. I, page 
), that there is a sudden break in the curve at tho minimum, and that the parts of the 
re, for an hour or two before and after this break, may be icgarded as straight lines 
every station on the plains, except Kurrachee, tbe maximum occurs between 2 and 3 
on the mean of the year ; the earlier hour of its ooourrence at Kurrachee being 
nly due to the sea breeze. On most parts of tho plain, with the apparent exception of 
irkee, tho maximum ocouis later in the months when west-winds blow, than when 
wind is easterly or tho air calm. At the lull stations, the maximum is leached sooner 
ho aftomoon thanin the plains; especially at places like Chakiata, situated oh a narrow 
ge, in the inner zone of the mountains, and fully exposed to the diurnal mountain 
ids. At Heh, in the Upper Tndus Valley, the maximum occuis before 2 pm, in winter ; 

, in June, it is not reached until 3 hours 26 minutes tx; being almost as much 
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retarded as at any place on tho plains. The high latitude oi Leli doubtless tends in sum- 
mer, when tho days arc lengthened in oonsequence, to render tho maximum considerably 
later than it would he at a place, of the same elevation, further south. 

The range, indicated hy self-recording thermometers is, in every case, considerably 
in excess of tho periodic range ; particularly in the rainy season, when the maximum 
temperature is subject to sudden nnd irregular changes; owing to the 6im breaking 
through tho clouds, for short periods, at uncertain hours of the day. The periodic and 
aperiodic minima do not differ so much as tho maxima; and, at sevoral of the stations, 
ilic two arc identical in tho clear still nights of tho cold weather. The ratios of the 
aperiodic to tho periodic ranges, on the moan of all tho stations in Table X, except the first 
three, are the following; — 


January | 

mm 

Hgj 

m 

III 


B 




November. 

December 

Tear 


1*00 

MS 

1*13 

nr 

12c 

143 

1 

1*20 ! 

| 

117 

107 

1*10 

1*11 

114 


Diukkai Raxqe (Amnionic). 

The stations in Table I being few in number, while equally good observations of the 
daily range have been made at all tho Government observatories and some others, the 
whole of the comparable values of this important climatological factor ore given in Table 
II. Tho number of years, on which tho moans ave founded, is not mentioned in this table ; 
hut the figures are, for the most part, taken from tho reports of the year 1875—80, only 
those years being included, in which the thermometers were exposed under thatched sheds. 
Tho ranges at Agra, Dellii and Bickanccr are loss than they ought to he, owing to the 
situation of tho observatories in the interior of largo towns; and there is probably some 
error in the same direction at Lahore. 


Table II.— ITea* Riurml Range 0/ Temperature. 



January 

Feb 

Jtordi 

April. 


June. 

July. 

August 

Sept. 

October 

Nov 

Deo 

tear. 

VnrkADd , 

22*0 

.. 

... 

20 8 

30*0 

80S 

28*1 



26*0 

25*9 

24*3 

... 

dipt . . : . 

108 

10 3 

21*2 


2S8 

28*6 

25*4 

24*4 

25*2 

284 

... 


... 

licit . . . . 

235 

23 D 

2L*0 

26-7 

20*7 

27*2 

27*4 

254 

27*1 


248 

227 

262 

Murreo . 

120 

120 

iso 

167 

105 

172 

15*9 

146 

15*4 

165 

16*4 

12 0 

160 

Sim!* 

18 7 

103 

108 

21*0 

210 

20*4 

14*7 

14*8 

16*8 

193 

194 

18*6 

188 

Clialcrdta . 

163 

151 

171 

17*0 

174 

1C1 

10*4 

04 

110 

240 

158 

15 7 

14*5 

J1tis?o«ec 

110 

132 

H0 

10*0 

103 

152 

04 

82 


12-8 

16*8 

123 

131 

Dclira 

226 

221 

238 

251 

*23*3 

107 

12*2 

ii-» 

14*5 

21-0 

238 

227 

20*2 

1’AOli .... 

159 

15*3 

105 

20-7 

20*8 

127 

__ 

11*9 

93 

11*3 

18*4 

18‘2 

17*3 

16 9 
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-Table H.^-Mean Dinrhd Range of Ttmpirainre—konlti. •’ • 
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In the Himalaya, with the apparent exception of Katmandu, where there is pro- 
bably somo unascortninod peculiarity in iho exposure of the thermometers, the daily 
range of temperature diminishes from tho plains, up to an elevation of 5,000 or 0,000 feet ; 
above which it appeal's to increase again. This increase is, however, probably owing to 
the highest station, Loll, beingsilunted in the arid region, bchindtho snowy ranges of tho 
Himalaya proper; for Gilghit, in a similar situation, and at an deration between 5,000 
and (1,000 feet , has a range nearly or quite as great as Leh. In Central India and Raj- 
putann also, Iho ranges at hill stations, such as Chikalda, l’nchmnrhi, and Mount Abu, are 
much less than at adjacent stations of lower clovation, like Akoln, Hoslmngabad and 
Dcosa. In Afghanistan and Bduckislnn, however, and probably on tablo-londs generally, 
this nilo does not hold; the rungo at Quetta being equal to that of Jacolnbad. The 
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diminished range at hill stations, compared with places on the plains, is due 'to causes' 
well understood— the downward movoment of the air, cooled by radiation, from the hill 
slopes at night, and the upward currents, dynamically cooled, that Wow during the day, 
together with the generally larger proportion of cloudy shy.at the hill stations. On a ‘ 
plateau almost surrounded by hills, or at the bottom of a deep valley between mountain 
ranges, ns at Quetta and Leh, these causes do not act in the same way as on isolated 
peals and ridges. Possibly, the large range observed at Katmandu, may also he due to 
the position of the place in the centre of the valley of Nepal. 

On the plains, ths daily range is greatest at Jaeobabad in Upper Sind, and gradually 
diminishes towards the east, south-east and north-east; being, om the whole, inversely 
proportional to the rainfall, or rather to the humidity of the air and the amount of cloud : 
for, on tho scn-coast of Sind and Onteh, tho range of temperature is small, although the 
rainfall is inconsiderable. 

In tbe arid regions of the Trans-Himalaya, the diurnal range is least in winter; and 
over the greater part of North-TVestem India, the maximum occurs in the hot weather 
months, March and April; hut at many places in Rajputana and the Punjab,' the 
range in November exceeds that of April. Wherever the winter rains occur with any 
regularity, two maxima, separated by a secondary minimum in January or Pebruary, are 
obscived : but in the Central Provinces and Berar, thore is only ono maximum. The 
minimum range of the year, at every station in India, occurs in the middle of tho rainy 
season. ( 

The average range, for any month, does not exceed 34>*-. and the actual range of a single 
day, even in Sind, probably never amounts to more than 60°]?. Tho greater ranges, 
sometimes recorded in Australia and other countries, probably do not represent real 
variations in the temperature of the air, hut are due to the effects of radiation on the 
thermometers. 

In Australia, I understand, there is often a good deal of ifonliy between amateur 
observers, as to -which of them can induce the thermometer ‘‘in the shade" to mount 
highest m summer ; the shade being sometimes that given by a screen of tin-plate or cor- 
rugated iron, little larger than the thermometer it covers. 


Oalcuiation or Daht MeAss. 

Prom Table I, it appears that, at most places, the sunrise ‘temperature or periodic 
minimum is, on the average of tho year, just about ns much below the mean of 
the 21 hours, as the temperature at 1 r.ti. isahove it; and the differences, in any single 
month, aw usually not great. The arithmetical mean of observation*, made at -JL 
• and 1 Ml., should therefore give a close approximation to the true moan of the dav 
This combination of hours was adopted by Messrs, YonSchlagmtweit, in the meteoroi 
logicat volume of their Semite of a Scientific Mission to India mi Sigh Asia.- 

The combination of the 1 p.it. temperature with the Belf-registered minimum 
adopted, for many stations, in tho annual reports on tho meteorology of India, circs re- 
sults Which are too low ; the difference being in many cases more than ’a degree The 
mean of the maximum and minimum thermometer readings is usually much too high 
especially m the rainy season; but during the long days, of May and June, when Lot 
temperature does not vary much between noon and 4 r.lt. thfe 
combination sometimes gives a result which is less than the true mean of the ijay 
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Of all tlie combinations tlmt have been adopted in tlio annual meteorological reports, 
the best is that of the observations at 4, 10, 10 and 22 hours, though it almost invariably 
gives a result a littlo too high. Tlio mean of the minimum, 10 h. and 10 h. observa- 
tions, is also, with very few exceptions, always, too high ; but, like the mean of four 
equidistant observations, it forms a good datum from which to deduce tlio truo moan, by 
tlio addition of a negative correction. The method of variobio corrections, proportional 
to the range, (as shown by self-registering instruments) has been described by Mr. 
Blantord in the Indian Meteorologist's Fade Mcoiim. If this method bo adopted, the 
factors, by which tlio range is to bo multiplied, to got the corrections applicable to the 
crude mean of each combination of hours, adopted in the annual reports, are those in 
Table Ilf. 

TuUE I1I.A,-Ri«jj Factors fur reducing the ineast ef Us Maximum and Jfisimm ohtnotms 
to true dismal Means. 



htlTTOvt. 



in. 

r»u 

Mirth 

Artil. 

JIi T 

Jcoe 

Juij. 

Aop. 

Sept. 

Ott. 

Not, 

Dec. 

Leh . . 




-•07 

+*02 

•00 

•00 

-■03 

-•03 

-•0 

— *01 

-02 

*00 

-01 

-•03 

CtafcrfklA • 




-» 

— *14 

— 07 

-•08 

-■03 

—03 

—•07 

—08 

-12 

-•io 

— u 

—U 

Utniklkt . 




-*00 

-■oi 

-03 

+ 02 

-•01 

-D2 


-•OO 

-•03 

-*07 

-•05 

-•05 

Lilrnro 




-•08 

-•01 

—’03 

-■01 

-■01 

-•01 

-•00 

-•03 

-•03 

-•05 

-07 

-■07 

a 




- i>l 


-•02 

HO 

—Ol 

-02 

-■OG 

-03 

-■05 

-‘01 

-■05 

-07 

Apa 




-•01 

-03 

-•m 

•03 

-■01 

-03 

+•02 

•oo 

-■01 

-•02 

-•03 

-1/2 

T.ncltnow . 




-•01 

*00 

+ 01 

+•02 

•00 

-■02 

-•oc 

-•oo 

-•00 

-•03 

-•02 

iHj 

GotfcHpar 





— oc 

-•02 

—01 

—01 

-•03 

-11 

-•ot 

-*03 

-01 

-•05 

-03 

AIlAhstrtd . 




-•08 

-■05 

-02 

-■01 

-01 

—oo 


-10 

-*10 

-•07 

-•os 

-■00 

r*tw * 




—•03 

-•02 

+•01 

•00 

-•oc 

-•oo 

—10 

—11 

-00 

— 02 

-•01 

•00 

llmnbigh 




-•01 

—■03 

+•01 

■00 

•00 

- D 2 

—04 

-•01 

-•03 

-•01 

■00 

•00 

Xurracliw . 




-•03 

-•OO 

-H3i 

—11 

-is 

—17 

-•13 

-•20 

—12 

—13 


-01 

• 




+•01 

+•03 

•00 

+•04 

+*02 

-•03 

-•02 

-■oi 

—07 

-•03 

+•01 

+‘03 

Ajmcre . 




-•05 

-•01 

—01 

+•02 

-•03 

—07 

-•10 

-•00 

-■07 

—01 

-•05 

—05 

/•nror 




-•08 

-•02 

-•02 

■00 

—03 

-*01 

—11 

—11 

-•07 

-08 

—•05 

-•oc 

3 band . 




-•02 

-•03 

—02 

-*02 

-•01 

—07 

-•12 

-•os 

-07 

-•02 

-•01 

-■01 

JoWmtpow 




-*01 

-•03 

*00 

+UL 

-■oi 

-•07 

-11 

-•12 

—10 

-03 

—02 

-•04- 

SigT«r ■ 




-♦01 

-•03 

+•01 

■00 

-•03 

-•10 

-*07 

-•01 

-01 

+■03 

+■« 

-•01 

Ibclimiulii 




—‘10 



-•03 

+•08 

=t=5=S 

+*05 

—03 

-•05 

+<fi 

—10 

-*10 

-•03 

+•03 

— Q 2 
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Table III— B.— Stage Factors for reducing the Cleans of the 16 hours ohcrvdm and self ‘registered : 

Minihiitm io trne diurnal Mean's: ’• * ' 



Table III— C . — Range Factors for reducing the Means of the- 10 hoars, 16 hours, 'ahd-Minimmi oLservdtms ; 

to hue diurnal Means. ' ■ ,v\. 
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Table III-— C. — Range Radon for reducing the Means of ike 10 hours, 16 /tours, and Minimum observations 
' to true diurnal jL6?a«$-i-contd. 
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0 >- THE TE31TEKATERE OE 2?OB.TH.-\TESTERN INDIA.* , 

aiosTBiT abtd Abstiai. Mxab Tebpehatuhes. 

In ilia next table, the most probable values o£ the monthly mean temperatures, at all 
the regular meteorological obseivatori.cs, in the region with which this paper deals, and, 
at many minor stations, arc given. The names of the observatories are distinguished by 
being printed in small capitals. The original registers of all tbe observatories in "the 
liorth-ITcstem Provinces and Pastern Prajputana havo boon gone over and corrected, and 
the lcsulting means reduced by means of factors from Table III, or combinations of 
them. Thus, for Bareilly, the means of the factors for Bairki and Lucknow havo been 
used, and for Benaics those of Allahabad. The monthly means for the minor stations 
hat c been corrected, as far as possible, in a similar maimer. 

In tbe Punjab, prior to 1876, tbe thermometers, at the observatories, wero generally ex- 
posed on Glaislicv’s stands, and the menus of the maximum and minimum thermometer 
leadings were taken to represent the daily means. Under these circumstances, the figares 
published in the annual reports on the meteorology of tlio Punjab, had no very diieet 
relation to the true mean temperatures ; and though thoy weie empirically corrected, he- ' 
foie the means in Table IY were struck, the latter must bo looked upon as somewhat 
doubtful in consequence. Another circumstance which renders the mean temperatures 
of Punjab stations in Table IV a little uncertain is, that hourly observations have been 
made at only one station in that Province, and the rango factors of Lahoie probably do hot 
fit Peshawar or Rawal Pindi. These uncertainties, however, probably do not affect the. 
annual mean, to the extent of more than half a degree. ' r 

For tho hilt observatories in the Panjab and JBelucliistsra, tbe range factors of 
Ohakiata or Bauikhet have been employed, and for tlie hill stations in Itnjputann and 
tho Central Provinces, those of PaohmarHi. For stations in the Central Provinces and 
Central India, between 1,000 and 2,000 feet elevation, the factors of Jubbulporo have been. " 
used; and for lower stations in these provinces and Berar, the factois of Kagpur. In the 
Bombay Presidency, the factois of Bombay, Deesa and Kurracliee, or combinations of 
them, bar o been employed ; except for Jacobabad, for which station the Jeyporo factois 
havo been used. 


Tadie I y .-—Monthly Mean Temperature* at places iu jNori)i-V~c*lem luilta . 



* itttcipgl&tcil 
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Tihle IV — Monthly If tan Temperatures at placet tn North- IPetiem India — contd. 
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Tiiu.0 IV, MontUg Mean Temperalnrts.at places iniF6Hh-ir*itcrn : Iuiia^tm&-: 
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TuitrlY* — Montifi/ Mean Heaps) afnrc at plaeds n Norih* Western Iniha — could 
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Table of IV. Monthly Mean of Temperature at planes i" North- Western India— coiidd, 


RroioN. 

Place 

Isl 

hi 

I 

I 

1 

1 

< 

$ 

's 

1 

r= 

1 

j 

£ 

¥ 

o 

1 

i 

g 

4 

I 

p> 

i 

'*v 

IS. 

!• 



Peefc 

- 

• 


- 

° 

- 

• 

• 

B 

a 

* / 

«- 

-■ 

' 


Hoshiarpur 

Jtdlnndur 


53 0 

6C-9 

65 5 

?B 5 

850 

90*4 

317 

84*1 

EH 

t7n 

591 

53-7 

724 

2-5 

soo 

53 B 

5D'l 

67 4 

76 4 

815 

87 4 

86 9 

844 

838 

75*9 

65 6 

57-9 

734 

1—4- . 


Joniritear 

7S0 

515 

57 9 

67 C 

784 

86 5 

00 6 

87 t 

86-7 

635 

75*0 


64-0 

735 

3-4 


IiAJIOr.E 

73 2 

52 7 

59 2 

606 

80 8 

88-2 

936 

892 

872 

853 

70 3 

615 

553i 

751 

is-oi 


MO OMAN t 

420 

53 6 

585 

711 

80 9 

895 

83 9 

92 4 

99 0 

606 

774 

60 8 

558 

76 3 

12—10 

Panjab 

Dora Glittai 

400 

514 

537 

C83 

786 

85 2 

93*8 

913 

88-3 

80-2 

767 

645 

556 

75 9 

3-4 

Idata 

D USA IBBTAZZ, 

m 

522 

505 

C9& 

7S G 

875 

058 

92*1 

90-1 

8S» 

75-0 

Cl -4 

53*5 

74 6 

13—15 


Shfltipnr • 

C50 

62 8 

54-7 

65 0 

779 

901 

83 3 

91 8 

904 

885 

76 C 

Cl 7 

554 

75 8 

8-4 


SlALKOT 

830 

616 

56 3 

67*1 

78 7 

85-7 

92 2 

87 0 

852 

834 

74 2 

625 

535 

731 

17—10 


Rawal Eiwdi 

1,C52 

48? 

51 C 

62-3 

7a a 

82-8 

88 8 

86*9 

83-9 

793 

69 6 

673 

■49 0 

69 5 

14—10 

l 

Pebuawab , 

1,U0 

*” 

62 8 

CS2 

710 

81-8 

83 4 

606 

87*2 

815 

710 

561 

504 

TOO 

5 — C 

Thudd , 

2,250 

489 

G0-1 

G2-2 

7a a 

84 7 

892 

60 6 

88-0 

79 5 

70-9 

671 

49-9 

09*5 



(oonrttlj. 


The mean temperature of Delhi, in this table, is founded on three series of observa- 
tions, the longest of which, from 1873 to 1881, having been mado at tiro hospital in the 
city, is considerably too high ; while the next longest, extending over parts' of 1851, 1852 
and 1853 and the whole of 1854, appears, by comparison with surrounding stations, to be 
too low. The annual means of the three series are : — ' ' ' , 

1851-54 4" 

3 jeare from Saniiarv Report . . . 75-8“ 

1875-81 ...... 77-5” 

Adopted mean ..... 75 S" - - 

At Simla also, three independent series of observations give results which differ con- 
siderably , but this is probably owing to differences of elevation and aspect in the places 
whore the observations were made. The annual means are : — , - 

1841-46 ...... 64-0° ‘ ' ' 

1850-58 57*8° 

1867-81 . . . . . . 50 5" 

Adopted mean ..... 

At several geographically important stations, and at some others, used in computing 
the rate of vertical decrement, the means', for short periods, have been corrected, by com- 
parison with simultaneous observations, at other stations, similarly situated. Thus, 1 the 
observations made at Cabul have been corrected by comparison with those of Murree. 

At the Trans-Himalayan stations, and in Afghanistan and Belucliistan, that is to' 
say, wherever the influence of the summer monsoon is not felt, the highest tonipera- 
tureof the year is reached in Duly; as it is in Europe and ‘North America. In the 
Punjab, Upper Sind, Bajputana and the North-Western Provinces, West of D u c hn owj 
Juno is the hottest month ; while on the Bombay coast and in Mahva, the Central Pro- 
vinces, Dower Bengal and Behar, riliere the rains usually set in before the middle of 
J uncj the hottest month is May. 
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Over the greater part of tlio region here dealt with, the lowest temperature of the 
normal year occurs in tho beginning of January ; hut, in the Central Provinces, December 
is normally cooler than January. In those districts, tho north-east winds, which usually 
blow during the cold season, aro replaced, for a fow days, by warmer Bouth-wcsterly winds, 
at times, in January and February, when rain falls intNorth-IFcstern India; but the pre- 
cipitation which accompanies these winds in tho Central Provinces is not sufficient to 
lower the temperature appreciably. Accordingly, we hnd that tho lowest temperature is 
attained in December, whoa tho north-easterly winds are steadiest. 

Annual Ranoc or TEiirEiuTunE (Plate XVIII). 

From Table IV, it may he seen that tho annual range of temperature, as measured 
by the difference between tho mean temperatures of the hottest and coldest months, is 
greatest at the Tians-Himslayan stations and in Upper Sind and Belucbistan ; while it 
is much less in tho Himalaya and at the hill stations in Central India, and least of all on 
tho coast of the Gulf of Camliay. From tho meteorological reports of tho last four or 
fivo years, and otlior sources, mean values of tho absolute range, for several years, at many 
of -tile stations in Table IV, have boon obtained ; and by assuming that, tor neighbouring 
places, the absolute range is proportional to the range of the monthly means, it is pos- 
sible to arrive at approximate values for tho nbsoluto range at nearly all the stations, by a 
simple application of the Rule of Three. Thus lias been done in drawing np Table V ; 
where tho names of stations, at which the absolute range has been found by observation, 
aro printed in smnll capitals. 


Taslc V. — jfnmwt Range of Tmpentm. 


tue* 

Annual Hand* 

Pucr 

Atsuai Kanob 

Of okimMt 
ttstt* 

OteitnnKJ. 

Or mnntWy 
»*»*. 

Of utnmcf 

YaMUXD* . 

61*2 


ClIAKDiTA 

254 

036 

Gllglt . 

42*0 

sss , 

Mu*soorco (1) 

208 

070 

Ltn 

m 

014 

Mumwnc (.2) 

25*2 

030 

Sj iti 

43 0 

OH 

KaM . . 

277 

666 

Kan£ui . 

378 

80*0 

DeiuU. 

204 

700 

Kardcrag 

330 

m 

Paom ... 

284 

GG-5 

Srinagar . • 

830 

760 

lU.vfcnnt 

21*8 

561 

MiniRtt 

326 

70*7 

Almowt 

28 7 

071 

I’wsgS 

360 

828 

Kami Tnl 

208 

G31 

DaUiowm 

317 

CO 3 

Ijobugliat 

200 

038 

Dlnrtrmta 

312 

783 

. Katmandu 

277 

01 B 

Kangm 

360 

85*7 

Qorm 

301 

81*5 

Kolgwh 

28 G 

cs-o 

Kctat . . 

307 

78*4 

Kn'auli * 

20 7 

71 G 

Jacodadad . 

80'7 

881 

Sniw . . 

272 

05 G 

IItderadad . 

27 8 

777 


• Ose jf« oPly 
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fuel. 

AasriiRii-oE 

i . ... Pnos.'^'* - >' 

■j' ,* 'AtOrTAI, RkWpi’. 

01 monthly 
men as. 

Ot extreme*. 

, Of monthly' 

■ .means.' 

Ofeitrcm 




« 

e 

.. . " ' "" \ ' 

, ' ‘ a '• 

r « 

KCBB4CHER . 



22’G 

64*0 

Saogob . ; . - - . 

,.2p-2 , 

: oo-8 

Bnw . 



21-9 

64*6 

Notvoono 

' ‘ 83'fi - 

' , 77 '1 

Bajeot 



22-2 

71*9 . 

Nagod . ’ . * . ' . 

."29^ . 

74*7 

Gogo . 



19-8- 

61*4 

SOTKA . , \ ' ' . ' , ' 

' S0;4 ■ 

- -,76!8 

DEE5A . 



27-2 

71*0 

"Hazabibaoh ‘ . 

' 24*0 

’ ’ ,837 

Barodn . 



21-8 

50*0 

Obaibosa 

, 23*0- 

‘ : C0 ; J 

Swat . 



15*2 

47*1 

Qya . , . 

, 2?*3. 

■ 704 ; 

Bombay 


. . 

■117 

34*5 

Patsa . ... . . ... 

2B‘2 '• 

", 09 0^ 

MaIEOAOW . 



187 

70'G 

3Iazaffi»rpor . . . 

. ;29*0 ' 

' , ,71*8' 

ICUAJfDWA . 



28-1 

71*8 

Cbaprn . . . . ' . 

29*9 w 

. . * 73*8 • • 

CutEALDA . 



20-2 

58*0 

Azamgarh . 

.•30*1 

" * 72;p; 4 

Bcldaka 



19-8 

fifi-0 

OonAKHFDH . 

^ 28*6, 

• -70*8 > 

Aeou . 



20'S 

69*0 

Basti . . . . . , . 

, ' 291 ’ 


Ameaoti 



23-4 

04-2 

Gonda . . ' . . 

2W- 

‘ 73*0 t 

PAcniuam . 


• • 

27*1 

66*9 

Pjzabad 

• 81 * 2 ; . 

'• jot' 

Hoshangadad 


. • 

27-9 

72*2 

Bekabes . . ' . 

■ an 

\ 79*4*': 

JtlBDOlPOIlE • 



30*4 

76*0 

Clmnnr 

32 0 

‘ 75*G'- - 

Scorn . 



25'0 

08*0 

ALLAHABAD .... 

- 824',' 

■ 7G*B V| 

Nioron 



2G'8 

09-4 

Cawnpora .... 

-33*1 

’ ", 7G'8 

Chanda 



27'3 

73*9 j 

Itjcknow . ; 

32;6 

' ' , 76*0 *‘ 

lUirDs 



207 

067 

Sitnpur 

. 32*2 . 

■> 767. '- 

SAMDAim . 



20*0 

08*4 

Babeoly . ... 

32*0 

, 75-8 

NntBicgiipur . 



29-0 

74*0 

Fatebgnrb „ . . . •„ 

• 83*1- 

. '-70*8 

Bhandara 



24*8 

04*3 

Etawoh . . ' • j 

' 34*1* 

; '70*d 

WardliR 



2G-5 

CS-9 

Agra . . . \ ,, 

• 30*2 ' 

! 70*2 

Bdlagb&t * 



' 27-4 

72-0 

Aligarli . ‘ \ : 

; r 86*0 ‘ 

77*0 1 

Manila 



29-2 

73-0 

Delhi . . , 

• Sg-o 

.70*2' 

Chhindwflta . 



25-G 

C8*8 

SlEEBOI . ; . ' 

35*4 

'1 76’ 6 1 • 

Bilnspur 



27-0 

. oao;* 

Moradnbad •, , . . 

.. 32-8. , • 

• ’ 75*0 

Baitul . 



2fi‘B 

67-0 ’ 

Bijnor . . , , 

, 33*9 - - 

77*3 ’ 

NET.siticn . 



277 ' 

73:2 

Roobkbe . , . .. 

947 

■' 70*2. 

ISDOBE 



21*0 

„ 03*2 ‘ 

Saharanpcr . . , 

'••'357 V 

1 81*4 ’ 

Gtmft . 

■ 


. si-o 

m 

Clwar . . < t , * 

30*6 -• ' . 

77*0 ‘ 

jMomt . , 



*35*1 

7G-5 I 

Biceakeeb . . "" \ 

, ‘ 30*5 • 

75*9 

JlUSBl , 



132-6 

. 

737 Bhurtpur . . ' . v_ . •„ 

■ •■337 . 

7c*o 
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I’l AC*. 

Ahvrii lima* 

PfcACt. 

As HPAt Huron 

Of nnjnlMj 

IWWI# 

OfWtfCTBM 

Of Mcnihly 

Of (it»«nw, 




• 




JrVTCB 


323 


U ratals .... 

30 C 


SuMPiun 


371 

75-0 

llwliinrpur .... 

334 


A imbue 


310 

752* 

A tori Star .... 

89*1 


Uaslratad 


a 

75 0 

Lajiohe .... 

40-9 


Jlidtapalau , 



757 

Moolta* . 

403 


Klwrw&ta 



54*7 

Dfibra Qlw.il KAitta . 

424 


Mockt Act? 


mm 

637 

Decca Ismail Eiux . 

40-0 

1 

Pnclitadn 


32 C 

7(5*0 

Slialipar . . . 

425 


Stsu .... 


33-0 

SMI 

Si u tor .... 

400 

89 

Bstawalpnr . 


41*4 

- 

Rival Pikdi 

401 

871 



335 

62 1 

PesUaitae .... 

■102 

87*8 

LrpnuN* . 


30-2 

SI'S 

Tlrall . * . . . . 

403 

BS-0 


Otlicr tilings lining equal, tlio annual range ot temperature should innreasn with the 
latitude, from a value hut (little exceeding the daily range at the Equator, to something 
very great near the poles. In a general tray, the figures in Tahlo V conform to this 
rule; hut they also vary, in a remarhnblo degree, with the distance from the sea; and 
especially with llic rainfall, the variation in this case being inverse. On the last of the 
maps appended to this paper (Plate XVIII) lines of equal annual range havo been 
drawn. In almost every respect, they follow the lines o[ equal rainfall, except that they 
are shifted slightly to the northward ; the region ot maximum temperature rango, in Sind 
and Behichistun, lying about two degrees to the north of the region of minimum rainfall. 
The zones of minimum temperature range, on the coasts of the Konkan and Bengal, in 
the Himalayas, tho Yindhyn and Sntpura ranges, and at Mount Ahu in Bajputana, all 
coincide with zonesof unusually heavy rain. Thconly exception to the rale, that regions 
ot heavy rainfall have a small temperature range, appears to ho the Bewail country, 
including the Kaimur range, the upper Souc valley, tho vicinity of Jnbhulpore and the 
Amarakantak plateau. This region is represented liy very few stations ; but there is 
no reason to doubt tho reality of tho temperature range given by the observations at 
.Tuhhulporo. Pram these it appears that, the largo rango is duo quite ns muoh to tho low 
temperature of the winter months, as to tho great heat of May and June ; tlio region 
being distinctly cooler than surrounding districts, on the average of the year. Possibly, 
the fact that this part of tho country contains a larger proportion of forest area than 
any other, may havo something to do with its coolness in tho winter season, though I 
am not aware of tho existence oE any other evidence, lo show that forest lands are 
cooler than tho opca country in winter, In this pari of tho world, however, though 
the term winter may ho applied to tho cool season, it must not bo understood in iis 
ordinary sense. 
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Vabiaiions op Long Pehiod. , 

Tlie question of a variation of temperature, having apeiiod longer than a year, has 
hccn much discussed of late, and Dr. W. Koppen, Mr E J. Stone and otlieis have brought 
forward enough evidence topiOve that, in tropical countries at least, the air temperature 
is very probably subject to a slight variation, the period of which is about eleven years ; 
and which is related inversely to tho number of spots seen upon the sun’s surface Por 
all the more important stations, included m the previous tables, at which observations 
for five rears 01 upwnids have been made, I have taken tho variations, month by month, 
from the monthly means, and combined the whole of tlie results for each yeai. These 
mean results are shown in Table VI. 


Table VI — Variations of Long Period 
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It is evident, from the column of annual means in this table, that there is no indica- 
tion whatever of an eleven-year period, or any -other, in the temperature anomalies. No- 
thing, indeed, in connexion with* the temperature of India, is more surprising, than the 
constancy of the annual mean. As regards the north-west of the country, this appears 
to bo chiofly the result of the law mentioned in Vol. I, page 209, that a wet and conse- 
quently cool winter is usually followed by a hot and dry Bummer, and vice vend. 

Though the results in Table YX lend no support to Dr. Kbppen's conclusion, they can- 
not he said to controvert it; because the stations, included in the table, lie partly within, 
but for the most part beyond the Torrid Zone; while the regular variation, discovered by 
Happen, was only found at places between the tropics. The results would, moreover, be 
doubtless more regular, if the registers of the various stations were more nearly equal in 
length, and if the numbers of stations, contributing to form the averages for the several 
years; were more nearly equal. 3?or these reasons, the sum of the negative anomalies, 
during the 32 years, in the "table, exceeds the sum of the positive by 2*8° ; or to make the 
positive and negative anomalies nearly equal, the standard from which these variations 
are counted should be lowered a tenth of a degree. 

-Vertical Decrement op Temperature and reduction to Sea-level. 

In the annual reports on the meteorology of India, it is assumed that, on the plains 
and plateaux in the interior of the country, the temperature falls 1°F. in 450 feet of 
ascent, this being the mean rate deduced from a comparison of the observations of 
Hazaribagh with those of Berhampur, in the Bengal Delta. In the Indian Meteorologists 
Vade-Mecum, pages 152-157, Mr. Blanford has shown that in most other parts of India 
the decrease is more rapid, and that it is subject to a well marked annual inequality. 
The Chutia Nagpur plateau, about Hazaribagh, being probably abnormally hot for its 
latitude, I have attempted to obtain rates of decrement which will be more generally 
applicable than that derived from a comparison of Hazaribagh and Berhampur, by 
comparing atations_of unequal elevation in other parts of Northern India. To eliminate, 
as far as possible, all local horizontal temperature gradients, the observations of the 
upper station have, in each case, been compared with the mean of several stations around 
it; these being combined, in such a way, as to make the mean latitude and longitude 
nearly the same as those of the upper station. _ 



Table VII —fimalion of Tcmjuraltm mlt Height m Hindustan 
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On the Rawal Pindi plateau, tlie temperature differs least from that of the adjacent 
plains, in the hot weather and in December and January, while the difference is greatest 
at the beginning and end of the cold weather. There is a similar hut less decided ■varia- 
tion in the other three of the lowor groups : only in these the decrement is least in the 
cold weather. 

The smallness of the decrement, in winter, is doubtless connected with the anti-' 
cyclonic circulation of the air at that Eoason, as has been pointed out by Mr. Blanford in 
the worh above oited : the cause, to which the'movemont of the air is to bo attributed, 
being tho loss of heat by radiation, which occurs over the plains, almost as efficiently as on 
the hills and plateaus, when tho sty is clear and the absolute humidity of the air is low. 
The relatively lower tempemturo of tho plateaux, at tho end of the rains, is no doubt duo 
to tho largo proportion of vapour still in tho air over tho plains, which interferes with 
nocturnal radiation ; and tho rapid decrease, observed in February, March and April, at ‘ 
Bawal Pindi, and in May and Juno at Sconi, is perhaps due to the dust with which the 
lower strata of the nir arc loaded! this no doubt acting quite as powerfully as water 
vapour, in retarding the loss of heat by radiation. In the hot weather the effect of this 
cause at the North Punjab stations is not observed, because Kawal Pindi is then quite 
ns dusty as Peshawar or Sialkot, 

On the hill ranges, from 1,000 to 4,000 feet, the annual variation of tho rate of 
decrease is very regular ; attaining its maximum in the rainy season and its minimum in 
December and January. 

On the average of the year, tho decrement for 1,000 feet is greater at the higher 
than at the lower elevations, contrary to what is Lelioved to he tho mle in the free at- 
mosphere ;* but this, no doubt, is duo to tho upper stations of the hill ranges being, for 
the most part, on isolated peaks, which offer but little heating surface to tho air. The 
observed temperature, at these places, must thoreforo approximate to that which would 
follow from the law of convective equilibrium \ whereas, at tho lower stations, the tem- 
perature is, to a great extent, determined by local beating of the ground. If we assume 
that tho temperatures, at various elevations up to 4,000 feet, ou the table-lands and hill 
ranges of tho interior ot Northern Iudia, may bo expressed by parabolio formula?, we 
get tho following rates of decrement Cor each 1,000 feet of ascent 


T.MU.U VUI—rertiW Dccremtnt of Temperature in liwhstan. 


. JllcTslion. 

Jtn. 

Wb. 

Slurb. 

April. 


B 

Jolj. 

Asp. 

Sept. 

Oct. 

Nor, 

Oc». 

V,.T. 

0—1 ,000 feet . 

2*17 

3*10 

2'08 

2-02 

2-81 

3'10 

2-87 

2-08 

2-08 

3*01 

SCO 

2-20 

202 

1.000-2, 000 . . • 

228 

2-00 

2*76 

203 

3-26 

3-60 

3’30 

3-4G 

3-20 

SCO 

328 

227 

3-07 

2,000—3,000 . 

M0 

SCI 

2-52 

3‘18 

3'GG 

381 

-303 

3-Di 

8-01 

' 3*47 

2-87 

2-95 

3-22 

3U00-1/W0 . 

261 

2-33 
1 

2’30 

3*45 

4'0C 

412 

4-56 

4-42 

4-62 

3-25 

2-40 

2-42 

3-37 


For tho induction of temperatures, at stations in the North-West Himalaya, to sea* 
level, the Cormuhc given at Vol. I, page 389, may bo employed. These were computed 
from tho observations of Boorkco, Debra, Ghakrata and Leh, on the assumption that the 

* Sco Mr. GlaWliere balloon observations in the British Association Report for 1801. 
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variation in latitude, between these stations, was uniform, and that the vortical temper- 
ature curve for each month approximated tb a parabola Since, however, the differences 
of latitude and elevation, among the four stations selected, are in the same direction and > 
nearly proportional to each other, it is possible that the paits of the temperature variation, 
dependent upon latitude and elevation respectively, have not been separated in the foiiaulin, 
so compleicly as is desirable, I have therefore attempted to* worh out values for the 
decrement with elevation, among the mountains, by a method similar to that now adopted ' 
in determining the variation on the plains and table-lands of India, 

The following groups of pairs of stations give mean latitudes for tho lower and the 
higher station which do not differ by more than n few miles ; and, though tho differences- 
of longitude are considerably greater, tins does not much matter since the variation 'of 1 
temperature in longitude, is in eveiy month, small — 


Gnour L 


lamer Station, 

Eight Station 

Sjnlkofc 

Rawal Pindi 

Smlkofc 

Dkarroshla N 

Kangra 

Dhaunsala 

Hoslnarpar 

Kangri 1 

Hoshinrpur 

Dehra 

Dehro 

Paun 

Kooikeo 

Dehra 


; 

Gboup II 

Lower Station. 

Higher Station 

Gilgit 

Skardo ^ 

Srinagar 

Skardo 

Snnagor 

Munee 

Rawal Pindi 

Murree 

Dhnrraealn 

Dalhousie 

Dliarrasiila 

Simla 

Dehia 

Mussoorec (Upper) 

Pnun 

Mussooree do 

Pmm 

Rimkhet 

Almora 

Naim Tal 


Mono Lai Menu long Mean Elm 



a 

' 

k , 


feet. 

Higher 

SI 

31 

10 

48 

3,200, 

Lower 

31_ 

J8 

HL 

_n 

1,560 

Difference 

9 

8 

0, 

87 

1,900 

Mean elevation of group 

, 

2, SOD. 


Mean Lat Mean Long Mean Eku 

0 ’ ° ' feet 

Higher 32 9 7G 37 1 6,780 

Lower 32 U 76 85 4,426 

Difference 0 3 0 2 2,8 JO 

Mean elevation of group . 5,575 


Gnoxip III 


Lower Station 

High# Slat; 

Skardo 

Leh 

Pangi 

Leh 

Leh 

Spiti 

Kdoara 

Spiti 

Kdnam 

Leh 

Chnkrdtfl 

KSanm 

Chftkrata 

Landour 


Mean Zat Mean Long Mean i/detv 

' 0 / feet. 

Higher 32 47 77 49 ll,t80- 

Lowor 32 83 77 22 8,550 

Difference 0 14 0 27 2,630 

Mean elevation of group . 9,505 
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Prom these groups to got the following moan rates of dcorcinent per 1,000 feet of 
asccnl : — 

Table IX. 



According to these results, the rate of decrease of temperature, on the average of the 


year, diminishes slowly as the height ineicases ; in tho same way, but probably not to the 


same client as in the freo atmosjihere. The mean rate, from the lowest to the highest 
stations, is 2-704“ per 1,000 feet or one degree in 362 feet, whioh is identical with the rate 
found at Vol. X, page 333. The monthly mean rates, for each group, aie subject to a well 
inarhed annual lariation, the range of which is greatest at the lowest and highest stations, 
though nearly opposite iu phase in these two groups ; while, in the intermediate group, it 
is similar in'pliasc to that of the lower group, though considerably less in range. If the 
minor inequalities, which are probably, in great part, due to the insufficient length of the 
registers at several of the stations, bo reduced by a process of smoothing, the annual 
variation becomes more legulnr. In tho following table, the means of tho rate for each 
month and half tho sum for the preceding and succeeding months aro given .— 


Tame X 



Prom these numbers, the following decrements for each 1,000 feet up to 12,000 


have been computed, on the assumption that tho temperatures, at each 1,000 feetof eleva- 


tion, in any month, form a series of which the thud order of diileicnccsis constant : — 


Tael* XI .—Ttrtial fitcrmcnl of Tmptmlm in Ik Ilmahi/a. 
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Trans \1. — 7 tfhcal iJgcrenunt of fmpetahre u (he Etaufafa — could. 


l&lglit 

| Jw. 

r*&. 

Blflttii 

April 

Saj 


July 


Sept. 

Oet 


XltK 

i 


■ 

. 

a 

• 

0 

• 

* 


a 

* 

a 

* 

* 


2<I3 

245 

2ro 

812 

aJo 

303 

363 

345 

330 

EkI 

2*09 

1*77 

384 


224 

2*62 

282 

302 

3*17 

83 7 

; 3'38 

8 16 

2Bt 

2'49 

210 

s-m 

*tr 


249 

2*79 

288 

201 

2*92 

300 

3*05 

2*81 

263 

241 

238 

234 

3-n 



2*97 

283 

279 

2 35 

209 

304 

244 

arc 

2d0 

2 07 

272 

2 c 6 

8,000-9,000 * 

313 

310 

207 

256 

237 

2*27 

214 

203 

201 

244 

301 

815 

2‘60 


350 

336 

300 

242 

2*06 

1*79 

156 

158 

101 

2*54 

MG 

8*66 

26t 


392 

3 55 

303 

227 

178 

125 

0*89 

1*09 

1 04 

271 

384 

421 

2 51 


438 

375 

304 

211 

188 

065 

0*13 

0*66 



161 

2*03 

4*33 

482 

247 


By summing these up and interpolating for any fraction of a thousand feet, we 
get the quantities to he added to the observed temperatures at lull stations, to reduce 
them to sea-lovel. These quantities should probably vary somewhat with geowraphi- 
oal position, having different values in the dry regions of the Norlh-'West and in the 
inoistcr regions of the Eastern Himalaya; hut theie will he no great error in consider- 
ing them constant, for as much of the mountain rone as comes within the scope of this 
paper; especially, as the sea-level value of the mr temperature is, under the givon condi- 
tions, a purely fictitious quantity, corresponding to nothing which actually exists in 
natuic. 


Sea-beveb TJaamm* akd Isomeiqiai Biots {Piatos XIV to XTH.) 

By means of the rates of decrement, given in Tables TOI and XI, the monthly and 
annual mean temperatures, in Table TV, have been i educed to sea-level values, and the 
results aie shown in Table XII. 


At the ond of the table are found interpolated values of the sea-lovel temperature 
for a few paints in Afghanistan and Tibet, insulted for the purpose of showing the 
general direction of the isotheims, in regions beyond tbe boundary of the map. These 
values are the means of those given by parabolic interpolation, along the meridians and 
along the parallels respectively. 

. ® le jraapaatmxi registers of many places in the Himalaya, being for very short 
periods, the monthly means are subject to a good deal of doubt; and even tbe Lnaal 
means Of some state arc pmteMj, a degree or more in error, & the table, iborcfoL 
mhlr ? « “T Kl ^ Ie5 a>e WSUla1 ' oWaW tee ten feted independently the 
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disregard the figures for stations of tlie third order -where these seemed abnormally high 
or low, in comparison with other places in thewieinity. 


' Table XII . — Monthly and Annual Mean Temperature* reduced to Sea~level. 















138 02? THE 4SUIXHttttB£ 0E KOBTH-TTESTEItlf IMtfA. 


Table XIX — Vontkl$ and Annual Mean Tem^erainm reduced io $ea-lerel~em\il 
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Table XII — Monthly and Annual Mean Tleaiptfafittet reduced fo Sea /cueJ—continuCd 
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AB£Bi 

Ecpl 

Oct, 

Sfbf 

D« 
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• 

0 


• 

0 

• 

• 

• 

. 

o 

- 

« 

• 

Lucknow 

m 

CSS 

7H 

8S*f 

924 

93 

87 

96 2 

851 

79*} 

69*5 

60? 

rss 

Sitapnr 

680 

63 7 

lit 

82} 

902 

CO'fi 

Sol 

840 

83T 

78? 

682 

55 Q 

707 

Bareilly 

57 9 

G3G 

ns 

84-C 

804 

911 

85 

84 9 

83 6 

77! 

GC0 

680 

705 

Fatehgnch 

691 

687 

7Sf 

852 

929 

92 G 

869 

85 9 

840 

708 

CO 7 

605 

783 

Etowah 

69 5 

66 4 

76 fi 

810 

92 8 

941 

87 

86*0 

85 3 

707 

70*3 

601 

788 

Agra 

696 

66'9 

768 

879 

%*2 

96*3 

883 

807 

8^2 

807 

70*8 

620 

707 

Mnttra 

0OD 

674 

768 

86 0 

904 

943 

880 

871 

86*4 

819 

724 

634 

79 5 

Aligarh 

699 

65*2 

768 

856 

931 

966 

898 

88-1 

8C0 

8-07 

706 

619 

793 

Dellu 

681 

642 

ni 

842 

Ml 

MS 

S82 

861 

852 

797 

688 

602 

77-9 

Meerut 
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044 

73 G 

837 

90-0 

940 

si's 

m 

86 8 

78*6 

6S2 
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■776 

Morodabad 

58 9 

03-2 
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83*2 
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018 

862 

86-7 

8o7 
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W 

772 

Bijnor 

677 

G3G 

738 

838 

913 

92*3 

861 

86*7 

844 

778 

666 

662 

7GB 

Roorkec 

677 

031 

718 

830 

89 8 

032 

878 

860 

S18 

777 

607 

682 

7C0 

Saharanpur 

67 « 

018 

732 

80-9 

88 9 

941 

88 6 

861 

840 

70*8 

386 

609 

■774 

Ulwar 

69-2 

G80 

701 

8-14 

05 7 

974 

914 

904 

87 9 

806 

753 

59 6 

809 

Bi dancer 

603 

6o4 

SO-3 

910 

903 

975 

03-0 

88 9 

898 

860 

713 

COG 

817 

Bhartpon? 

905 

078 

786 

859 

910 

948 

898 

872 

8a 6 

810 

716 

024 

79*0 

Jcypore 

61*9 

67*2 

73 0 

889 

Ml 

9o 8 

88 *1 

852 

866 

828 
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634 

SO'O* 

Sambhar 
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Co 3 

783 

80-0 

96-0 

067 

89 2 

86 6 

866 

823 

69 7 
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798 
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878 

940 
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871 
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801 

834 
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G97 
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63 0 
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9G0 

89 6 
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8-17 

842 
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80*9 
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855 
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03 
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®6 
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S4G 
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69 6 
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78G< 
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60-7 

683 

779 

60*1 

93 6 

937 

004 

842 

867 

821 

704 

63*0 

801 

Stfsa 

66*3 

024 

74o 

848 

918 

9GO 

019 

907 

879 

811 

67 1 

67 2 

784 

Blnwnlput 

65 o 

02 9 

70-3 

814 

91-3 

97 3 

632 

891 

85 7 

777 

66 2 

671 

773 

Ferorepore 

Ludhiana 

Emhak 

Ilwhiarpur 

d59 

547 

aG 6 

Oil 

647 

60*7 

G38 

GO 3 

73 s 

70o 

72 6 

6S-7 

■80S 

813 

607 

813 

903 

885 

89 0 

881 

0a 0 

047 

93 0 

935 

908 

80 7 

689, 

876 

881 

887 

88 3 

S7S 

B7 9 

364. 

36*7 

30* 
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7B6 

703 

07 G 

66 6. 
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58 7 
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582 
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778 
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■«9 
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Tim t^mp' tttun*s for noli month ami for tin* whole* ynr, a* piv* u in this table, have 
Wnlnwt down on thirteen mips (l*Inl<**» XIV to XVII); and lint* have* been drawn 
through pti»*i of equal wn.lmel (emperntmv. Tin* imp for the year (Plate XIV), U 
on n meV’mMy l irgv voile, omipyimr n whole Mitel ; ntnl on it, lines hue lieon drown 
for «mh deem* : the monthly nwjis nre on nuiller *r«de, four to each Miect, and on these, 
thu * hav e lx-« draw n for m ery two deKiw* dilfen nee of tompcnlure. On those smaller 
limps a* priutad, Only the more important dilionn are shown, 1ml (he Not her in*, wne 
ItM drawn on larger imps, in whit h nil the *tathmh npjH-itvd. 

On the tivemce of tie* ymr, the ImlteM part of the country, n\er wldoh our maps 
extend, \u the n«nthtm jeirt of the Decoin ami KlinmVdi. A Iv Minium lino, running 
imrth‘tiorlh*woM, from Dlmlia through X< much, Biel jmeor,, -mil Slmhpur toThnlland (ho 
Kur&m t alley, mav In* wllnl the thermal cquitor, or more correctly the line of greatest 










m2'. OK THE/ TEMEBBA.TUIITS OP ;K0RTE-WESTEU1T, INDIA- . . .*y -\viv- 

' V' V : ‘ V *■' * ""' ■i :S - 

toperato anomaly ; . ■ 6o &; 

■Anmilis aml-Sonth-Bo . . ,. * H iHiilji'titoliili' 

lenon. Upper Sind and Kaclih-Gnndava arenlsp relatoely l.ot regions - .™“; m™ 1 ;! 

country occupied by the ilaim^Bhgiis and 'either tribes,.- between 

Gliazi Khan, appears to be cooler- than the .hVeragqof surrounding places: ; 

wo have no observations from this region,, tiurugb troops were 

than a year, at Yitakri and ThuU-Ohotiali. , ■ - i-y.i"; £'t 

Other parts o£ the country; which seem cooler ilurn thd average; an* tnevromisy ot 
the Gulf of Cambay, the Kaimnr range and Jubbulpore region undthe : peshmwr jrtlteyj| , 
A remarkable, region of unusually high temperature is fotmd in' the 
especially on the innor ranges,, as indicated by the observations of BarnklA 
Pithoragarlr. Tito Olrutia Kagpur plateau d»<«pjc«*»-t»H* 

Bengal delta, Orissa, or the Sons valley. v, ' V"-.:. 

Witlun India proper, between tho 20tb and 31th parallels, .qlong'.thS “ n ?. of iuglicsj; 
temperature, the mean sea-level temperature. decreases from'Si° ; 'to yrf a y a ' , ;i: 

age rate of deorenso is about 0'7°I?. for one degree <.' . ■■ ■■ r ; - 

Yarkand, the decrease is about 19°J?.'in 18j° i: ~..'.r.u:, a <■ 
each degree of latitude. Along the meridian of S0°B. 'front 20°,-lt)2 8°N. t 1 !? temperatnr#'.; 
diminishes from 82“ to 76“F. or 0-75” for one degree of, latitude.-, : , $ 
TFe may therefore take the average rate of decrease for. Noril AWest^ ■ India .to he; 
about three quarters of a degree for each degree of increased latitude, prlrii® '? th® 


\ • ' t , ' ' "t, ; } yi 

The relatively hot regions, above enumerated, agree in one ‘other ^ 

all regions of light rainfallj'and tho cool regions have mil n roinfaii’abo^®. aTe ™£. e - 
If we assume that the temperature wotrid diminish. uniformly with 'the Jiititndo,- 

tiro influence ot the rainfall, and that the further- decrease is ; to tl,n nmniitifc-,, 

of the annual rainfall, wo may express, approximately; th 

any place in the plains of Norlh-'W’cstem India, by the 'formula, •• - •> -j 

T.==88°— 0’7°(X— 20°)—0-i2”B, , ' 

where B. is the annual rainfall in inches. In Kathiawar, Outeli and IA)v® r 
temporatnres are less than those calculated by the formula ^because; th 0 !’^ 1 ®? ra i I iT"K 
fall of these countries is slight, the temperature is moderated-.'by the soa-hf®®® 9 ; ; -',' ; 

The chief oharaeteristios of the temperature distributidn; iii .each inonhl>;Of tbe-yeer,.-) 
areas follows:— " ■ ’ ‘A’ 

Jimmy, PlofeXBi-In this r ” *’ - -- 
Dlmlia and 7,3-3° at Buldaha to 64-4° 


In Afghanistan, it ranges from 49-J 

Indus valley, it varies between 46° aim *a , auubb,Lai , juiuujs-pruuauiy > uo,' / ',' > 

Upper Sind, the desert bctiyeen Jeailmu- and BiciMcer, a^^ 

.relatively warm regions, notwithstanding' the low-tc'mporaturo,,ott& nigh*®; whUo thp:’?/ 

■ Aravali region, the Eastern Panjab, arid the middle .Ganges vvaliey, liotwemi. ABh--. j 
, Ivahad and Benares, together with the Kaimur range, ■the;Sone valley and Sonth'Beh’allfet: 

are relatively cool. ;.On account of these anomalies,. tire isotherms, ' while;, 011 the whole, jc* ’ 
. following the-, -parallels of latitude, assttme arvery annous or wavy appjC 3 . 1 ^ 11100 '- -’'1; 
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greatest deviation from parallelism isin the Punjab, where the lines bend far to the north : 
tho plains of India in winter, where protected from northerly winds by the Himalaya, 
being much warmer than either Afghanistan or Tibet In the Indus valley, tho-isotherans 
run nearly parallel to tho river, i.e., nearly north and south ; the temperature of the open 
plains, near Debra Gliazi Khan, Mooltan and Bhnualpur, being reduced by nocturnal 
radiation, quite as iuucli as at Pcslidwar, Siaikot and Lahore ; though these are from two 
to four degrdcs further-north. 

In the Dchra Dim, and probably also in tbo sub-montano valleys of similar struc- 
ture to tbo west of tbo Jumna, tbo actual mean temperature of January is almost iden- 
tical with that of tho plains 1,200 and 1,400 feet below, and the sca-levol temperature of 
tho Dun is consequently higher than that of the plains. The reason of this peculiarity, 
the same which sometimes causes an inversion of the normal variation of temperature in 
an anticyclone, has been pointed out at Tol, I, page 888. 

Palmary, Plate XV ,— In February, the highest temperature in the part of India 
covered by the map, is 79' 1° at Buldana ; and tbo lowest 6G'3° at Pesbawar ; the range being 
thus 23°, or four degrees greater than in January. In Beiar and Khandesh, by tho middle 
of February, there are distinct indications of the approach of the hot season; while, in the 
extreme north, tho temperature of February differs but little from that of the previous 
month. Iu tbo Upper Indus valley, liowover, and at Yarkand, where the winter showb 
are inconsiderable and do not lie long on the ground, the Bca-lovol temperature of Feb- 
ruary is 8° or 10” higher than that of January. 

In Kathiawar and Gntch, tho temperature rises rapidly during February, as it does 
iu tho Becoau and Khandesh ; hut botwcon those two regions, round tho shores of the 
Gu'J e! GomJjay, there appears to be n relatively' cool urea. The observations tains at 
Sirsa, on tho border of the desert, to tlio north-west of Delhi, show that tho country 
round that station is cooler, in February, than places like Fcrozoporo and Umliala, which 
lie further north. 

The hanks of the Ganges near Allahabad, Benares and Chunar remain cooler than 
surrounding districts, throughout February ; the sea-level temperaturo being little above 
GO”; while, to ilio north, between Kao Bareli and Azaingarli, tboro is a narrow zone, in 
which it probably exceeds G8° F. 

March, Plate XV .— In March, tho hottest of tho regular meteorological stations in 
our maps is still Buldana, and tlio coolest in India proper is Peshawar. The sea-level 
temperatures of these two places are 87'2”and GG'5” respectively, the range being over 20°. 
At Yarkand, the temperature has risen to u5‘2°. In the Himalaya and tho Northern 
plains, the isothermal lines follow tlio same general directions as in tho two preceding 
months; hut, in tho south, tho aicaof highest tompoiatmo is much widened out eastwards, 
and includes the whole of (ho Berar plain as far ns Nagpur. 

In Western Rajputona the linos pursue a very sinuous course, which, in the absence of 
observations from tlio Khnirpur, Jcsalmir and Jodhpur States, must bo treated as some- 
what uncertain. Tho temperature of Hyderabad, at the head of the Indus delta, exceeds 
81°, and at Jacolialmd, on the Upper Sindh frontier, it is as high as 76"; while it is 
jielow 65° at Quetta. Tin's makes the decrease of temperature, in tho direction of tho 
Bolan Pass, very rapid. Between Bickancor, Ulwar and Jeyporc, in Northern Bnjputana, 

i 
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the temperature, at esa-levd, exceeds 80°; while, further south, at Pachbudra, Erinpnra, ■ 
Jfetnrar and Ajmcre, it is apparently below 78°. . ' 

On the west coast, the isotherms ran as nearly os possible parallel to the ctast line, 
each one making a bond northwards in the Gulf of Cambay. 

April, Flats XV .— Parts of theBcrar and Nagpur plain, in this month, hare a tem- 
perature exceeding 94”, while, at Peshawar, which still remains the coolest place in India, 
tho temperature is 74-8”. The difference between Peshawar and Buldnna is now reduced 
below 20”, or is about the same as in January. At Cahul, the sea-level temperature is 
higher than at Peshawar, and at Yarkand it has risen to 78”. 

The isothermal lines, in this month, are loss regular than in January, February or 
March. The line of 92” pushes a great loop to the north-east, to include Hoshangahad' 
and Narsingpur in the Naibada Talley. The lines of 90”, 88° and 86° are similarly 
thrown up to the north-east, by tho high temperature of Bnndelkand.-the lower Gauges- 
Jumua Doab and Southern Oudh; while the high temperature of tho Bundolknnd, 
region culminates in a local maximum, exceeding 90”, at Jhnnsi. Other local maxima 1 
aro found on tho Chutin Nagpur plateau and Biekanecr, and perhaps also at Kborwnm in 
Mewar The Aravali chain lias a sea-level temperature below 88”, while the surrounding 
districts have temperatures between 89‘ and 90”. In the north of Kashmir and Baltistan 
there is probably, in tills month, an area of relative cold; the snow there lying longer 
than in Ladalth and Rupshu to the east and south-east. On the west coast, tho isotherms 
follow tho outline of the land as in March. 

May, Plate XVI .— Tho legion of highest temperature, in tills month, is shifted fur- 
ther to the east, the hottest place being Nagpur, with a sea-level temperature of 07”. With' 
the exception of Bombay and Kuvracheo on the coast, Peshawar is still tho coolest place 
on the Indian plains, its temperature, in this month, being 85*. The tempeiature'range 
from south to north, over 14° of latitude, is thus only 14’ in May. Tho mountains and 
table-lands, which hound the Indian plains on the north, increase rapidly in temperature 
during May. The sea-level temperature at Cahnl and Yarkand exceeds 83°, while at 
Quetta and Kolat it reaches 90”. 

Tho isotherm of 96", in tho south, includes East Borar, Nagpur and the Cbhatfegarh 
plain. To the noitU-west, it includes threo independent areas in the 'Narbada valley, 
Bundclkand and North Bajpu tana; the four areas being separated by the Mahodeva 
hills, tho Yindhya and the Aravali range. As in the preceding month, tho greater 
portion of this latter range constitutes a relatively cool area, enclosed in a separate 
isotherm, which, in May, extends into south-east Rajputana as far as Neomuch, Tho 
isotherms pioject long loops into the Kachh-Gandava plain, the 'Western Punjab-and 
the Himalayan range. 

The last-mentioned characteristic is very remarkable ; stations at tho foot of the 
mountains, like Peshawar, Bnwal Pindi, Siallcot'nnd Hoshiavpur, being decidedly cooler 
when allowance is made for elovation, than adjacent places on and behind tile first high 
ridge It may bo supposed that tho corrections for elovation applied to the tempera- 
taros tor this month are too great ; bat the almost identical sea-level values for Itoorkeo, 
Mussoorco, Chakvata and Ramkhct show that the allowance for elevation is probably not 
far w rone. 
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June , Plate ATT.— With tlie advent of the rains, in the early part of this month, the 
temperature of the west coast and Central India rapidly falls/ so that the maximum 
temperature is no longer found in Berar, hut in tlie great dry region to the north-west. 
The lowest temperature occurs at Bombay, where the mean for the month is 82*7, while 
pea-level values exceeding 97 s are found at many places in the Punjab and Rajputana. 

The isotherm of 96° encloses Quetta, Kelat, Cahul and the greater part of the 
Punjab and Western Rajputana; while an outlying area includes Agra, Gwalior, Jhansi 
and Nowgong 5 being probably divided from the main region, by a relatively cool zone 
extending through Aligarh, Muttra, Bhurtpore, Deoli and Neemuch; though this is 
somewhat doubtful. In the centre of the hottest region, the stations Dera Ismail Khan, 
Dera Gliazi Khan and Mooltan have a slightly lower temperature, perhaps owing to the 
.. influence of the irrigation canals, which begin to fill towards the end of the month. 

Along the inner ranges of the Himalaya, between Pithoragarh and the Sutlej valley, 
the temperature is higher than on the adjacent plains ; while, at Murree, there are indica- 
tions of the existence of similar conditions along the western part of the range. To the 
north of the .Himalaya, the isotherms, in June, appear to run nearly north and south ; 
Tibet being probably still a region of relative cold, while at Yarkand and Skardo the 
sea-level temperatures exceeds 92°. 

July, Plate XVI — In July, the lowest temperature occurs off the Bombay coast, 
where it probably does not exceed 80° ; while, immediately behind the ghats, in Khandesh 
and the Deccan, it exceeds 84° ; the rainfall in this part of the country being light. Over 
the whole of the Central Provinces, Berar and Malwa, in the region swept by the westerly 
wiudB, the temperature averages' about 83°, at sea-level ; though, in the valley of the 
Ganges and on the Chufcia Nagpur plateau, where weaker easterly currents prevail, the 
temperature is about two degrees higher. The highest temperature in India occurs at 
Jacobabad, where it reaches 95° at sea-level. At Baliawalpur, Mooltan and Dera Ismail 
Khan it is little less. 

Both, in Afghanistan and Tibet, the sea-level value of the mean temperature pro- 
bably reaches or exceeds 100 ’P., though of this we have no direct evidence, except in the 
observations made during two years at Gilgit, when these are taken alone/ 

At Kelat and Quetta, however, it almost reaches 99°, and at Yarkand it reaches 97'5\ 

The isothermal lines of this month follow, very closely, the lines of equal rainfall, 
a rule which is especially obvious in the Himalaya ; when each isotherm throws out a 
long loop to the north-west, enclosing a portion of the outer zone of the mountains 
and the plains below ; the comparatively low temperature of the Bengal plains, being thus, 
as it were, carried forward by the south-easterly rainy winds which blow along the 
sub-montane belt. 

August, Plate XVI .— The distribution of temperature, in this month, is very similar 
to that which obtains in July, though the Indus valley is several degrees cooler. The tern- 
1 perature now ranges from 80°, ih the vicinity of Bombay, to 92* at Shahpur in thePanjab. 
The Vindhya range and East Berar are relatively cool areas, while Chutia Nagpur appears 
to be hotter than the surrounding districts. The cool belt of the Himalaya is apparently 
divided into two, in August, by the Sutlej valley ; while the hot and dry character of 
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September, PhteXVII.—In September, file isothermal lines ave similar, on the whole, 
to those of July and August, though the temperature of the dry regions in th6 nortli 
and wcstis now much less. The lowest temperature still occurs o£E the Bombay dftnst 
where it is below 80°; while, in north-west Bnjputana and thh Punjab, there is a lon> 
oval area above 30°, and to the west of Bern Ismail Khan among theWazeeri highlands 
the sea-lovel tomperatuvc probably also exceeds 90°. 

The isotherm of 90° also includes considerable areas in tho drier parts of the ffima 
layas ; but, beyond tho snowy range, the temperature now diminishes with an increase oi 
latitude. , 

Among the abnormally hot regions, in this month, may he enumerated Khandesh, 
the Ohhattisgarh plain and Ohutia Nagpur; while the Tindhyas, Northern Oudh and 
tho Sab-Eimalayan districts, as far west as Peshawar, are abnormally cool. This'is uljo 
the caso with the greater part of the Indus valley, where the effects of' the inundation 
canals are now fully felt. ' . 


October, Plate XVII. — In October, the distribution of temperature, which is 
charactcnstio of the cold Beason, begins to he restored. Buldana is again one of the 
hottest places on our maps, and Peshawar is the coolest in India; the temperature of 
theso being 841° and 76 3° respectively, at sea-level. Beyond the Himalaya, the tem- 
perature rapidly decreases, and is probably below 60° at Yarkand. 

The isotherm of 84° surrounds several detached areas, the principal oho being in 
Khandesh and the Deccan, another in Chutia Nagpur, and a third in the centre of 
Rajputana. The other isotherms follow rathermegular courses, more or less coinnleMv 
surrounding Central India. In Kumaun and at Stereo are outlying maximum regions, 
tho former of which has a sea-level temperature exceeding 80°, while the isotherm of 
78 almost completely surrounds it. In Central Oudh, is another area, with a tenmen- 
ture above the average of surrounding districts. The isotherm of 80” makes a Ion* bend 
to the south-west, to enclose Juhhulpore and Handla, which hove tho same temperature 
as Cliunnr, much farther to the north-east. P ™ 

November, Plate XVII.— In this month, tho sea-lovel tempcratoevariesfrom79T 
at BuMana to 02 1 at Peshawar, 06-2° at Quetta, and 42’8° at Yarkand 

exceed **** ^ “ 4 ta ^ o{ «,e temperature probably 
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closely than it does the distribution which oht ’ . ” !!ien,1)io3 ®at of November more 
iumense of latitude is more rapid than in Novemb! ™ W7 ’’ tta,g]l tto aeorc “» with 

are several degrees lower. The bi-hest tom t,*’ ^ tem P 01,atures i 011 tbe average, 
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tho same difference of latitude, nearly equal to that of January. At Quetta, the tem- 
perature is only 50’, and at Tarkand it is little over 30’F. 

Molwa is still a relatively warm region, while the noi th-eastom part of the Central 
Provinces and Bewail are cool. The dry districts west of Bolin constitute a cold aroa, of 
which the centre lies near Sirsa. The lower districts of the North-Western Provincesare 
also cooler than tho northern districts or the country south of tho Ganges. In the Hima- 
laya, where little snow falls until the end of the month, tho inner ranges of Kumaun and 
Garliwol, tho Kangra valley and the vicinity of Hurree ato wanner than the surround- 
ing country. 
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